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American College of Rheumatology Provisional Criteria 
for Clinically Relevant Improvement in Children and 
Adolescents With Childhood- Onset Systemic Lupus 
Erythematosus
Hermine I. Brunner,1  Michael J. Holland,1 Michael W. Beresford,2 Stacy P. Ardoin,3 Simone Appenzeller,4 
Clovis A. Silva,5 Francisco Flores,1 Beatrice Goilav,6 Pinar Ozge Avar Aydin,1 Scott E. Wenderfer,7   
Deborah M. Levy,8 Angelo Ravelli,9 Raju Khubchandani,10 Tadej Avcin,11 Marisa S. Klein-Gitelman,12 
Nicolino Ruperto,9 Brian M. Feldman,8 and Jun Ying,13 for the Paediatric Rheumatology International Trial 
Organisation and Pediatric Rheumatology Collaborative Study Group

Objective. To develop a Childhood Lupus Improvement Index (CHILI) as a tool to measure response to therapy 
in childhood- onset systemic lupus erythematosus (cSLE), with a focus on clinically relevant improvement (CRIcSLE).

Methods. Pediatric nephrology and rheumatology subspecialists (n = 213) experienced in cSLE management 
were invited to define CRIcSLE and rate a total of 433 unique patient profiles for the presence/absence of CRIcSLE. Pa-
tient profiles included the following cSLE core response variables (CRVs): global assessment of patient well- being 
(patient- global), physician assessment of cSLE activity (MD- global), disease activity index score (here, we used the 
Systemic Lupus Erythematosus Disease Activity Index), urine protein- to- creatinine ratio, and Child Health Question-
naire physical summary score. Percentage and absolute changes in these cSLE- CRVs (baseline versus follow- up) 
were considered in order to develop candidate algorithms and validate their performance (sensitivity, specificity, area 
under the receiver operating characteristic curve [AUC]; range 0–1).

Results. During an international consensus conference, unanimous agreement on a definition of CRIcSLE was 
achieved; cSLE experts (n = 13) concurred (100%) that the preferred CHILI algorithm considers absolute changes in 
the cSLE- CRVs. After transformation to a range of 0–100, a CHILI score of ≥54 had outstanding accuracy for identify-
ing CRIcSLE (AUC 0.93, sensitivity 81.1%, and specificity 84.2%). CHILI scores also reflect minor, moderate, and major 
improvement for values exceeding 15, 68, and 92, respectively (all AUC ≥0.92, sensitivity ≥93.1%, and specificity 
≥73.4%).

Conclusion. The CHILI is a new, seemingly highly accurate index for measuring CRI in cSLE over time. This index 
is useful to categorize the degree of response to therapy in children and adolescents with cSLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex, chronic, 
multisystem autoimmune inflammatory disease, with up to 20% 

of patients diagnosed during childhood (cSLE) (1,2). When lupus 
disease commences early in life rather than during adulthood, 
the prognosis is poorer, particularly due to multiorgan and kid-
ney involvement (3,4). The course of cSLE is characterized by 
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 episodes of disease flares followed by periods of improvement, 
generally due to more intensive drug therapy. There is international 
consensus that core response variables (cSLE- CRVs) should be 
considered when assessing response to therapy and cSLE dis-
ease flare (5,6). Considering changes in cSLE- CRVs, a provisional 
American College of Rheumatology (ACR) cSLE flare score can 
be calculated to identify patients who experienced a minor, mod-
erate, or severe flare of cSLE (7,8). Likewise, percentage changes 
in cSLE- CRVs are the basis for the Pediatric Rheumatology Inter-
national Trials Organization (PRINTO)/ACR provisional criteria for 
response to therapy (9).

We have previously shown, albeit in a rather small data set, 
that the PRINTO/ACR provisional criteria for response to ther-
apy and, to a lesser extent, the Systemic Lupus Erythemato-
sus Responder Index (SRI) are both very well suited to capture 
major improvement in cSLE; however, both the PRINTO/ACR 
provisional criteria for response to therapy and the SRI appeared 
less apt to identify patients who experienced moderate or minor 
improvement of cSLE (10). At present, there are no generally 
accepted criteria or algorithms to measure various degrees of 
improvement in cSLE, and consensus is lacking regarding what 
constitutes clinically relevant improvement (CRIcSLE) in children and 

adolescents with cSLE. The latter is especially relevant, because 
in studies of rheumatoid arthritis, an ACR 20% improvement 
(ACR20) response, or in juvenile idiopathic arthritis (JIA) an ACR30 
response (JIA- ACR30), provides such a measure of clinically rel-
evant improvement. ACR20 and JIA- ACR30 responses, respec-
tively, are regarded as improvement thresholds that can support 
labeling of new medications by the US Food and Drug Adminis-
tration or the European Medicines Agency (11,12). Prior to devel-
oping criteria or algorithms to measure CRIcSLE, it is necessary to 
achieve consensus around a definition of CRIcSLE.

Building on prior international consensus around the cSLE- 
CRVs that are needed to capture response to therapy in cSLE (9), 
the objectives of this study were to define CRIcSLE and to develop, 
as well as initially validate, criteria to measure CRIcSLE. Further, we 
sought to measure minor, moderate, and major responses to ther-
apy in cSLE.

PATIENTS AND METHODS

The overall approach to this project was based on the meth-
odologic framework successfully employed in pediatric rheuma-
tology criteria development in the past (9,13,14), which is aligned 
with recommendations of the ACR Criteria Subcommittee and the 
Quality of Care Committee (15). As shown in Figure 1, an initial 
Delphi survey was conducted among 114 pediatric rheumatol-
ogists and nephrologists with expertise in cSLE (1) to delineate 
key features for judging whether a patient experienced CRIcSLE 
(step 1). Subsequently, participants in a consensus conference 
rated 200 patient profiles (step 2). During a consensus confer-
ence, the results of steps 1 and 2 were reviewed to support con-
sensus formation around a definition of CRIcSLE (step 3). This was 
followed by a second round of patient profiles sent to 200 pedi-
atric rheumatologists and the cSLE experts who participated in 
the consensus conference. The resulting data set was randomly 
split into a training data set and a validation data set (step 4). The 
training data set was used to develop candidate criteria for CRIcSLE 
(step 5). These candidate criteria were tested using the validation 
data set (step 6). As in step 3, agreement was achieved around a 

SIGNIFICANCE & INNOVATIONS
• International consensus regarding a definition of 

clinically relevant improvement in children and ad-
olescents with lupus has been achieved.

• The Pediatric Rheumatology International Trials 
Organization/American College of Rheumatology 
(ACR) provisional criteria for response to therapy in 
children with lupus have only fair accuracy for cap-
turing clinically relevant improvement in children 
with lupus, as judged by physicians.

• Using strategies for the development of response 
measures in line with those suggested by the ACR, 
we newly developed and initially validated highly 
accurate criteria to measure clinically relevant im-
provement in children and adolescents with lupus.
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preferred Childhood Lupus Improvement Index (CHILI) algorithm 
among cSLE experts with voting rights who had participated in 
the consensus conference (step 7). See Appendix A for a list of 
the members of the Pediatric Rheumatology Collaborative Study 
Group who contributed to steps 1 and 6.

Step 1: Delphi survey regarding CRIcSLE. The 13 expert 
participants in the consensus conference and 100 of the pediat-
ric rheumatologists who contributed to the development of other 
cSLE criteria sets (6,8) received a Delphi survey inquiring about 
cSLE (1) characteristics and changes in cSLE- CRVs that would 
support the presence of CRIcSLE. The Delphi survey was piloted 
(HBR, PöA). Principles and recommendations for the design and 
conduct of online surveys were followed (16).

Step 2: patient profile ratings prior to the consen-
sus conference. Using prospective data for cSLE patients in the 
Cincinnati Children’s Hospital Medical Center Lupus Registry (17), 
the PRINTO Lupus Cohort (6), and a multicenter North American 
cSLE cohort (grant U01-AR-5868 to Dr. Brunner, Principal Investi-
gator), we developed 1,482 unique patient profiles. After omitting 
patient profiles with >2 missing data elements and some patient 
profiles without changes in cSLE- CRVs between visits, there were 
433 unique patient profiles. Missing observations in these 433 
patient profiles were imputed using multiple imputation methods 
and expectation–maximization algorithms in computation (18–20).

Each patient profile provided the following patient data 
at the time of a baseline visit and a follow- up visit: 1) phy-
sician assessment of cSLE activity (MD- global) as measured 
on a visual analog scale (VAS) (0 = inactive disease and 10 = 
very active disease), 2) parent assessment of patient overall 
well- being (patient- global) as measured on a VAS (0 = very 
poor and 10 = very well), 3) proteinuria, measured by timed 

urine collection or protein- to- creatinine ratio in a spot urine 
specimen, 4) erythrocyte sedimentation rate (ESR), 5) levels of 
complement C3 and C4, 6) item and summary scores of the 
Systemic Lupus Erythematosus Disease Activity Index 2000 
(SLEDAI- 2K) (21), and 7) the Child Health Questionnaire (ver-
sion P50) physical summary score (CHQ- PhS) (5,6). Informa-
tion about complete blood cell counts with differential, serum 
chemistry, ESR, urinalysis, and anti–double- stranded DNA 
antibody concentrations were also provided.

Thirteen cSLE experts (HIB, MWB, SPA, SA, CAS, FF, BG, 
SEW, DML, AR, RK, TA, and MKG) who were voting participants 
at a consensus conference were asked to rate 200 of the 433 
patient profiles prior to the meeting. After the consensus confer-
ence, these cSLE experts plus 200 pediatric rheumatologists who 
previously participated in a similar patient profile rating exercise (6–
8) were asked to rate 50 patient profiles each that were randomly
selected from the pool of 433 patient profiles. Each patient profile 
rater was asked to assess the disease course (Question A), using 
the following response options: major improvement, moderate 
improvement, minor improvement, unchanged or worse, or “I do 
not have enough information to make this assessment.” Further, 
if a patient profile rater considered improvement to be present, 
then he/she was asked whether or not improvement constituted 
CRIcSLE (Question B). In this context, minor improvement can be 
considered equivalent to “any improvement” in cSLE. The survey 
source data were batch- processed, and open source online sur-
vey software, REDCap, was used for response management and 
as a presentation layer (see https://www.project-redcap.org/).

The minimum number of rater responses to each patient profile 
was 16, and all patient profiles were considered in the subsequent 
adjudication process. Considering that patient profile raters may 
not necessarily agree on the interpretation of the disease course 
for a given patient profile, the “true” overall course of cSLE for a 

Figure 1. Process of developing the criteria for clinically relevant improvement of childhood-onset systemic lupus erythematosus (cSLE).  
Consensus formation methodology was used, starting with a Delphi survey, a series of online ratings of patient profiles (PPs) by physicians 
experienced in the care of children with cSLE, a consensus conference, and final consensus about preferred criteria to measure clinically 
relevant improvement of cSLE (CRIcSLE). 

Step 1:
Delphi survey to 

inform consensus 
defini�on of 

CRIcSLE 

Step 2: 
Pa�ent Profile 

ra�ngs to inform 
consensus defini�on 

of CRIcSLE

Step 3:  
Consensus 

defini�on of 
CRIcSLE

Step 4: 
Ra�ng of 433 

unique PPs 
by 195 raters 

Step 5: 
Logis�c 

regression to 
develop 

candidate criteria 
of CRIcSLE using 

200 PPs

Step 6: 
Valida�on of 

candidate 
criteria of 

CRIcSLE using 
233 PPs

Step 7:
Agreement of 
the preferred 
preliminary 
criteria of 
CRIcSLE

https://www.project-redcap.org/


BRUNNER ET AL 582       |

given patient profile was adjudicated using majority rule (i.e., the 
majority of the raters of a patient profile agreed on a given disease 
course). Other rules were calculated, including the 67% rule (i.e., at 
least two- thirds of the raters agreed on a given disease course. Ir -
respective of the rule used, results were similar to the majority rule. 
Hence, we present mainly the results from majority rule analyses.

Three statistical strategies were used to develop a series 
of candidate criteria to measure CRIcSLE. We considered the 
PRINTO/ACR provisional criteria for response to therapy (9), 
which have been previously validated to measure improvement 
in cSLE (strategy 1). Furthermore, we developed algorithms 
that considered absolute change (strategy 2) or relative or 
percentage changes (strategy 3) in the cSLE- CRVs between 
baseline and follow- up, using multinomial logistic regression. 
Strategies 2 and 3 yield a numeric “CHILI score” (or log odds 
of improvement) calculated from the combined changes in the 
cSLE- CRV predictors between baseline and follow- up (9,22).

The accuracy of the PRINTO/ACR provisional criteria for 
response to therapy was tested using kappa statistics. With 
respect to the criterion standard (here, adjudicated disease course 
from the patient profile ratings), kappa values can be interpreted 
as follows: poor agreement, κ < 0.4; fair to good agreement, κ =
0.4–0.75; and substantial to excellent agreement, κ > 0.75. For
each of the candidate CRIcSLE algorithms from multinomial regres-
sion analysis, diagnostic accuracy was assessed by receiver 
operating characteristic (ROC) curve analysis. The area under the 
ROC curve (AUC; range 0–1) was calculated, and the diagnos-
tic accuracy was considered outstanding, excellent, good, fair, or 
poor if the AUC was in the range of 0.9–1.0, 0.81–0.90, 0.71–
0.80, 0.61–0.70, and <0.60, respectively (23).

Based on prior consensus (step 3), threshold CHILI scores 
reflect the highest conditional AUC among all candidate thresh-
olds on the ROC curve, i.e., the point on the ROC curve with 
the highest precision of correctly classifying the degree of cSLE 
improvement level (CRIcSLE minor, moderate, or major).

All analyses were conducted using SAS 9.4 and Systat 12 
software. P values less than 0.05 were considered significant.

Step 3: consensus definition of CRIcSLE. Participants in 
the consensus conference were experienced pediatric rheuma-
tologists and nephrologists from South America, North America, 
Asia, and Europe who had substantial clinical and research expe-
rience in cSLE. PRINTO leadership (NR) participated in the discus-
sions during the consensus conference as a non- voting content 
expert. A priori, the consensus level at the consensus conference 
was set at 75%, i.e., comparable or even somewhat higher than 
that chosen in previous similar studies (6,13,24). Using nominal 
group technique guided by an experienced moderator (BMF), the 
expert panel reached agreement around the definition of CRIcSLE.

The panel also reviewed the performance of the provisional 
PRINTO/ACR criteria of response to therapy and candidate 
improvement algorithms derived by multinomial logistic regres-

sion using patient profile ratings from step 2, considering the  
Outcome Measures in Rheumatology filter (25–27): 1) feasibility, 
i.e., practicability: can the items be measured easily?; 2) reliabil-
ity, i.e., reproducibility: can the items be measured precisely?; 3) 
redundancy: are there 2 or more items included in the candidate 
criteria measuring the same aspect of the disease?; 4) face valid-
ity, i.e., credibility: are the criteria sensible?; 5) content validity, i.e., 
comprehensiveness: do the criteria sample all of the domains of 
the disease?; 6) criterion validity: based on AUC, do the criteria 
accurately approximate the “gold standard,” i.e., the adjudicated 
disease course as majority rule?; 7) sensitivity and specificity: do 
the criteria effectively identify patients with CRIcSLE and/or various 
levels of improvement and distinguish them from patients who 
have not experienced CRIcSLE and/or various levels of improve-
ment?; and 8) discriminant validity: do the criteria detect the 
smallest clinically important change?: i.e., discriminate patients 
with one of the following disease courses: CRIcSLE; minor improve-
ment, moderate improvement, major improvement, unchanged 
or worse.

Step 4: second round of patient profile ratings. 
Besides individuals who were invited to participate in steps 1 and 
2, the 433 patient profiles were then sent to another 100 pediatric 
rheumatologists who previously participated in a similar study (7). 
Therefore, a total of 213 patient profile raters received 50 ran-
domly selected patient profiles each; formats, response options, 
and adjudication were described in step 2. The resulting data set 
was divided, in the sequence of acquisition, into a training data set 
and a validation data set.

Steps 5 and 6: development and preliminary vali-
dation of the CHILI. Using the training data set (step 4), we 
newly developed candidate algorithms to measure improvement 
(CRIcSLE; minor, moderate, or major) as described in step 2. In 
these algorithms, CRIcSLE was considered to be a special thresh-
old score among many possible improvement scores. Threshold 
scores were transformed to range between 0 and 100. The algo-
rithms and thresholds developed in the training data set (step 5) 
were validated using the validation data set to derive preliminary 
CHILI criteria (step 6).

Step 7: ranking of preliminary CHILI algorithms after 
the consensus conference. The analyses from steps 5 and 6 
were presented to the consensus conference participants who 
had voting rights. These cSLE experts were asked whether, in the 
setting of a clinical trial, 1) use of CRIcSLE algorithms from multino-
mial logistic regression was preferable to the use of the PRINTO/
ACR provisional criteria for response to therapy 2) absolute differ-
ences in the cSLE- CRVs were superior to percentage changes 
when measuring CRIcSLE, and 3) these algorithms were useful 
for categorizing the degree of improvement (minor, moderate, or 
major) in cSLE.
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Table 1. Description of 433 patient profiles used in step 4 using the majority rule*

Patient profile details 

Training data set (n = 200) Validation data set (n = 233)

Baseline visit Follow- up visit Baseline visit Follow- up visit

SLEDAI items†
Seizure 3 (1.5) 0 (0.0) 4 (1.7) 0 (0.0)
Psychosis 4 (2.0) 0 (0.0) 5 (2.2) 0 (0.0)
Organic brain syndrome 7 (3.5) 1 (0.5) 9 (3.9) 2 (0.9)
Visual disturbance 4 (2.0) 1 (0.5) 4 (1.7) 1 (0.4)
Cranial nerve  

involvement
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Lupus headaches 12 (6.0) 2 (1.0) 15 (6.4) 2 (0.9)
Cardiovascular accidents 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)
Vasculitis 27 (13.5) 6 (3.0) 25 (10.7) 6 (2.6)
Arthritis 80 (40.0) 22 (11.0) 96 (41.2) 19 (8.2)
Myositis 4 (2.0) 2 (1.0) 9 (3.9) 4 (1.7)
Urinary casts 30 (15.0) 9 (4.5) 38 (16.3) 7 (3.0)

Hematuria 71 (35.5) 31 (15.5) 100 (42.9) 30 (12.9)
Proteinuria 90 (45.0) 49 (24.5) 82 (35.2) 52 (22.3)
Leukocyturia 44 (22.0) 20 (10.0) 66 (28.3) 20 (8.6)
Rash 81 (40.5) 26 (13.0) 100 (42.9) 27 (11.6)
Alopecia 42 (21.0) 13 (6.5) 50 (21.5) 15 (6.4)
Mucosal ulcers 42 (21.0) 9 (4.5) 50 (21.5) 12 (5.2)
Pleurisy 8 (4.0) 2 (1.0) 15 (6.4) 4 (1.7)
Pericarditis 8 (4.0) 1 (0.5) 14 (6.0) 0 (0.0)
Low complement levels 154 (77.0) 116 (58.0) 174 (74.7) 128 (54.9)
Positive anti- dsDNA 

antibodies
155 (77.5) 109 (54.5) 175 (75.1) 119 (51.1)

Fever 42 (21.0) 5 (2.5) 46 (19.7) 3 (1.3)
Thrombocytosis 12 (6.0) 2 (1.0) 13 (5.6) 4 (1.7)

Leukopenia 27 (13.5) 7 (3.5) 39 (16.7) 8 (3.4)
SLEDAI summary score‡ 14.0 ± .5/13.0 

(2.0, 39.0)
5.9 ± 5.1/4.0 

(0.0, 31.0)
14.2 ± 8.1/13.0 

(0.0, 39.0)
5.3 ± 4.7/4.0 

(0.0, 31.0)
Laboratory testing‡

ESR 48.8 ± 35.2/40.0  
(1.0, 180)

25.5 ± 18.9/21.0 
(2.0, 103)

47.6 ± 37.8/40.0 
(1.0, 180)

24.3 ± 17.2/21.0 
(1.0, 101)

UPCR 1.3 ± 2.2/0.3 
(0.0, 13.2)

0.5 ± 1.1/0.2 
(0.0, 7.8)

1.2 ± 2.3/0.2 
(0.0, 13.2)

0.5 ± 1.2/0.2 
(0.0, 7.8)

Other assessments‡
MD- global 4.2 ± 2.9/4.1 

(0, 10)
1.7 ± 2.1/0.8 

(0, 10)
5.0 ± 2.6/5.0 

(0, 10)
1.8 ± 1.8/1.1 

(0, 8.6)
Patient- global 3.0 ± 3.0/1.9 

(0, 10)
1.4 ± 2.0/0.6 

(0, 10)
4.8 ± 3.3/5.0 

(0, 10)
3.3 ± 3.5/1.7 

(0, 10)
CHQ- PhS 36.8 ± 15.5/40.4  

(1.0, 58.7)
45.4 ± 11.5/49.4 

(5.5, 59.7)
36.9 ± 14.7/40.3 

(1.0, 58.7)
44.6 ± 11.7/48.4 

(10.3, 59.7)

* SLEDAI = Systemic Lupus Erythematosus Disease Activity Index; anti- dsDNA = anti–double- stranded DNA; ESR = erythrocyte sedimentation rate; 
UPCR = proteinuria, measured by timed urine collection or protein- to- creatinine ratio in a spot urine specimen; MD- global = physician assessment 
of childhood- onset SLE as measured on a visual analog scale (VAS) (0 = inactive disease, 10 = very active disease); patient- global = global assessment 
of patient well- being, measured on a VAS (0 = very poor; 10 = very well); CHQ- PhS: Child Health Questionnaire (parent version P50) physical function 
summary score 
† Values are the number (%). 
‡ Values are the mean ± SD/median (minimum, maximum). 
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RESULTS

Definition of CRIcSLE. The survey (step 1) inquired about 
changes in cSLE- CRVs, signs, and symptoms that would support 
the presence of CRIcSLE. Among the 113 pediatric rheumatologists 
and nephrologists approached for survey participation, 92 (81%) 
responded. Survey participants from different regions or less ver-
sus more than 10 years of experience in treating cSLE did not differ 
significantly in their responses (data not shown). There was ≥80% 
agreement that, with CRIcSLE, the MD- global and/or the score for 
a disease activity index must be better or unchanged and that 
patients with CRIcSLE could experience new organ involvement as 
long as it did not involve the neuropsychiatric, hematologic, gastro-
intestinal, renal, ophthalmologic, or cardiopulmonary organ system. 
The initial ratings of 200 patient profiles provided additional data 
regarding the measurement of CRIcSLE (see Supplementary Table 
1 [available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23834/abstract] for adjudi-
cation results). After review of this information during the consensus 
conference (step 3), there was 100% agreement for the following 
consensus definition of CRIcSLE: “A clinically relevant improvement 
has occurred in a child with lupus if there are reduced signs of dis-
ease from active lupus. Although there may not be improvement of 
lupus activity in all organ systems, there cannot be increased lupus 
activity in a major organ system, i.e., neuropsychiatric hematolog-
ical, gastrointestinal, renal, ophthalmological, or cardiopulmonary 
organ system. Patient symptoms will be at least stable, and immu-
nosuppressive therapy should be unchanged or decreased.” Fur-

ther, cSLE experts concluded that further testing of the PRINTO/
ACR provisional criteria for response to therapy in cSLE was war-
ranted, and that multinomial logistic regression modeling should be 
pursued to measure CRIcSLE with threshold choice at the statistical 
optimal point on the AUC (≥92% agreement for both).

Post–consensus conference patient profile ratings. 
As part of step 4, the 433 patient profiles were sent to 213 patient 
profile raters. The response rate was 91% (194 of 213), and all 
433 patient profiles qualified for adjudication. The resulting data 
set was split into a training data set (200 patient profiles) and a val-
idation data set (n = 233). Baseline characteristics of the patients 
represented in these data sets are shown in Table 1. When the 
majority rule was applied, there were 95 (47.5%) patient profiles 
without CRIcSLE and 105 patient profiles (52.5%) with CRIcSLE in 
the training data set. Among patient profiles adjudicated to reflect 
CRIcSLE, 83% were considered to represent moderate or major 
improvement of cSLE, while 99% of patient profiles without CRIcSLE 

were adjudicated to reflect, at most, minor improvement in cSLE.

Performance of individual cSLE- CRVs to measure 
CRIcSLE. Based on univariate logistic regression in the train-
ing data set, absolute changes and percentage (or relative) 
changes in the cSLE- CRVs had similar discriminative prop-
erties to detect CRIcSLE (Table  2). However, only absolute 
changes in the urine protein- to- creatinine ratio (P < 0.001) 
between baseline and follow- up but not percentage changes 

Table 2. Discriminative properties of absolute and relative (percentage) changes in the cSLE core response variable for capturing CRIcSLE in 
the training data set*

Core response 
variables

CRIcSLE

AUC Sensitivity† Specificity† Threshold score‡No Yes P

Absolute 
difference§

UPCR −0.21 ± 0.18 −1.16 ± 0.17 <0.0001 0.65 33.33 90.53 −0.81
SLEDAI −2.71 ± 0.57 −13.01 ± 0.54 <0.0001 0.93 94.29 82.11 −5.00
MD- global −0.65 ± 0.21 −4.23 ± 0.20 <0.0001 0.90 94.29 67.37 −1.00
Patient- global −0.06 ± 0.31 −2.89 ± 0.29 <0.0001 0.76 70.48 78.95 −0.80
CHQ- PhS 2.01 ± 1.32 14.55 ± 1.26 <0.0001 0.77 70.48 81.05 5.15

Percentage 
difference¶

UPCR 33 ± 30 −30 ± 29 0.132 0.67 60.95 69.47 −0.41
SLEDAI −24 ± 3 −72 ± 3 <0.0001 0.91 84.76 89.47 −0.52
MD- global −10 ± 3 −63 ± 3 <0.0001 0.91 84.76 86.32 −0.47
Patient- global 31 ± 12 −33 ± 12 <0.0001 0.77 72.38 77.89 −0.23
CHQ- PhS 20 ± 28 151 ± 27 0.001 0.76 69.52 81.05 0.13

* Values for sensitivity and specificity are the percent. cSLE = childhood- onset systemic lupus erythematosus; CRIcSLE = clinically relevant 
improvement in cSLE (see Table 1 for other definitions). 
† Sensitivity and specificity calculated at the threshold score. 
‡ Optimal score from univariate logistic regression to discriminate between the presence versus absence of CRIcSLE.. 
§ Values are the mean ± SD from absolute differences between the baseline and follow- up time points. 
¶ Values are the percentage change at the time of the follow- up visit relative to the baseline visit. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23834/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23834/abstract
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(P = 0.132) significantly differed between patients with and 
those without CRIcSLE. Compared with the other cSLE- CRVs 
but irrespective of the type of change (absolute, relative) con-
sidered, the urine protein- to- creatinine ratio had only fair accu-
racy (AUC ≤ 0.67) for capturing CRICSLE. Individually, the MD- 
global and the SLEDAI had the highest accuracy (AUC ≥ 0.90 

for both) for identifying CRICSLE status.

Performance of the PRINTO/ACR provisional criteria 
for response to therapy to measure CRIcSLE. As shown in 
Table 3 and Supplementary Table 2 (available on the Arthritis Care 

& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23834/abstract), in both the training data set and validation 
data set, the PRINTO/ACR provisional criteria for response to 
therapy had, at most, fair accuracy for capturing CRIcSLE status 
(κ ≤ 0.3 for the majority rule and κ ≤ 0.43 for the 67% rule). The
same was also true for measuring various levels of improvement 

(κ < 0.34 for both the majority rule and the 67% rule).

Development of the CHILI to measure CRIcSLE. As part 
of the step 5 analyses (Table 4), we used multinomial regression 
to generate candidate algorithms using the cSLE- CRVs that  have 

Table 3. Performance of the PRINTO/ACR/EULAR criteria for cSLE improvement*

Reference 
standard (vs. no 

change)
PRINTO/ACR/EULAR provisional 
criteria for response to therapy†

Development data set (n = 200) Validation data set (n = 233)

Sensitivity Specificity Kappa ± SE‡ Sensitivity Specificity Kappa ± SE‡

CRIcSLE 2/5 by >50% and no more than 1 
worse by >30% (DI11)

91.4 37.9 0.30 ± 0.06 84.7 50.6 0.37 ± 0.06

2/5 by >40% and no more than 1 
worse by >30% (DI08)

91.4 37.9 0.30 ± 0.06 84.7 50.6 0.37 ± 0.06

2/5 by >40% and no more than 1 
worse by >30% (DI17)

91.4 37.9 0.30 ± 0.06 84.7 50.6 0.37 ± 0.06

3/5 by >30% and no more than 2 
worse by >30% (DI12)

100.0 11.6 0.12 ± 0.03 97.3 15.3 0.15 ± 0.05

At least minor 
improvement

2/5 by >50% and no more than 1 
worse by >30% (DI11)

89.6 47.7 0.41 ± 0.07 81.8 48.7 0.32 ± 0.07

2/5 by >40% and no more than 1 
worse by >30% (DI08)

89.6 47.7 0.41 ± 0.07 81.8 48.7 0.32 ± 0.07

2/5 by >40% and no more than 1 
worse by >30% (DI17)

89.6 47.7 0.41 ± 0.07 81.8 48.7 0.32 ± 0.07

3/5 by >30% and no more than 2 
worse by >30% (DI12)

99.3 15.4 0.19 ± 0.06 97.5 17.1 0.18 ± 0.05

At least moderate 
improvement

2/5 by >50% and no more than 1 
worse by >30% (DI11)

90.9 33.0 0.22 ± 0.05 87.5 40.5 0.26 ± 0.05

2/5 by >40% and no more than 1 
worse by >30% (DI08)

90.9 33.0 0.22 ± 0.05 87.5 40.5 0.26 ± 0.05

2/5 by >40% and no more than 1 
worse by >30% (DI17)

90.9 33.0 0.22 ± 0.05 87.5 40.5 0.26 ± 0.05

3/5 by >30% and no more than 2 
worse by >30% (DI12)

100.0 9.8 0.09 ± 0.03 99.0 12.2 0.10 ± 0.03

Major 
improvement

2/5 by >50% and no more than 1 
worse by >30% (DI11)

93.8 27.6 0.12 ± 0.03 91.9 31.8 0.10 ± 0.03

2/5 by >40% and no more than 1 
worse by >30% (DI08)

93.8 27.6 0.12 ± 0.03 91.9 31.8 0.10 ± 0.03

2/5 by >40% and no more than 1 
worse by >30% (DI17)

93.8 27.6 0.12 ± 0.03 91.9 31.8 0.10 ± 0.03

3/5 by >30% and no more than 2 
worse by >30% (DI12)

100.0 7.2 0.04 ± 0.01 100.0 8.6 0.03 ± 0.01

* The table was adapted from reference 9 (Ruperto et al, 2006). Values for sensitivity and specificity are the percent. PRINTO = Pediatric
Rheumatology International Trials Organization; ACR = American College of Rheumatology; EULAR = European League Against Rheumatism; 
cSLE = childhood- onset systemic lupus erythematosus; CRIcSLE = clinically relevant improvement in cSLE (see Table 1 for other definitions). 
† The 4 highest- ranking algorithms (DI11, DI08, DI17, DI12) are shown. Ratio (n/m) designates the number of the 5 cSLE core response 
 variables CRVs (MD- global, patient- global, Disease Activity Score, urine protein- to- creatinine ratio from spot urine or estimated by 24- hour 
timed urine collection) with improvement. 
‡ The kappa value provides agreement between the provisional PRINTO/ACR/EULAR criteria for response to therapy and patient profile 
ratings from step 2, adjudicated using the majority rule. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23834/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23834/abstract
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been considered relevant for capturing improvement of cSLE 
(6,22). Irrespective of the type of change, i.e., absolute or percent-
age differences in the cSLE- CRVs between baseline and follow- up, 
algorithms had similar accuracy (AUC) for measuring CRIcSLE. For 
example, using the algorithm that considered absolute changes in 
the cSLE- CRVs, a logit score of 0.16 or, after transformation to a 
scale of 0 to 100, a CHILI score of 54 was 89.5% sensitive and 
92.6% specific for capturing CRIcSLE status correctly (AUC 0.97) in 
the development data set. When considering percentage changes 
in the cSLE- CRVs between visits in the algorithm instead, a CHILI 
score of 60 had similar measurement properties (AUC 0.96, sensi-
tivity 87.6%, specificity 92.6) for capturing CRIcSLE status (Figure 2).

Initial validation of the CHILI algorithms. Algorithms 
considering absolute changes rather than percentage changes in 
the cSLE- CRVs were similarly robust, i.e., they maintained their 
accuracy (AUC) similarly well as the validation data set. Using the 
model parameters and threshold scores obtained from the train-
ing data set, the AUC of discrimination between patients who had 

CRIcSLE as compared to those who did not was 0.93 (Figure 2). 
Hence, a CHILI score of 54 (absolute changes in the cSLE- CRVs 
are considered) represents the optimal threshold score based on 
the training data set. This CHILI score of 54 is 81.1% sensitive and 
84.2% specific for CRIcSLE in the validation data set.

Use of the CHILI to identify minor, moderate, and 
major response to cSLE therapy. As shown in Figure 2 
and Table 4, the CHILI algorithms developed and validated to 
mea sure CRIcSLE were also excellent for discriminating patients 
with various levels of improvement (minor, moderate, or major) 
between baseline and follow- up. Again, algorithms considering 
absolute differences and percentage differences in the cSLE- 
CRVs between baseline and follow- up performed similarly well 
in both the training data set and the validation data set.

Ranking of the candidate CHILI algorithms. The results 
for performance of the PRINTO/ACR provisional criteria for response 
to therapy, CHILI algorithms considering percentage change, and 

Table 4. Absolute versus relative (or percentage) changes of the combination of the cSLE core response variable for capturing CRICSLE and 
various levels of improvement†

* Predictors used in a multivariate logistic model can be either from absolute differences between the baseline and follow- up time points 
OR percentage changes at the time of follow- up relative to the baseline visit in the development data set. An improvement logit score can 
be converted into an improvement score (range 0–100) using the formula: Improvement Score = 100*EXP(Improvement logit score)/[1+ EX-
P(Improvement logit score)]. Either a higher (or lower) improvement logit score or improvement score indicates higher (lower) likelihood of 
improvement. For a classification purpose, a patient’s improvement score can be compared against the threshold score. 
† Majority rule; Δ change score between baseline and follow- up visits. 
‡ Improvement logit scores were calculated using multivariate logistic models. UPCR: urine protein to creatinine ratio from random urine 
sample; SLEDAI: SLE disease activity summary score; MD- global: physician global assessment of cSLE activity; Patient- global: patient assess-
ment of overall well- being; CHQ- PHS Child Health Questionnaire, P50 version Physical function summary score. 
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CHILI algorithms considering absolute changes in the cSLE- CRVs 
were presented to the consensus conference participants who had 
voting rights. There was consensus (100%) that the CHILI algo-
rithms were preferable to the PRINTO/ACR provisional criteria for 
response to therapy to measure CRIcSLE as well as various levels of 
improvement in clinical trials of cSLE. Furthermore, CHILI algorithms 
using absolute changes were favored over those using percentage 
changes in the cSLE- CRVs, given their ease of use. Although scal-
ing to a range of 0 to 100 was favored, there were some concerns 
that transformation might be mathematically challenging.

DISCUSSION

This international study investigated clinically important 
improvement in children with cSLE. In addition to a consensus 

definition of CRIcSLE, we developed and initially validated the CHILI 
to serve as provisional criteria to measure CRIcSLE. A composite 
measure to capture CRIcSLE is necessary, because there is no sin-
gle sign, clinical test, or patient symptom that is adequately sen-
sitive and simultaneously specific for the presence of CRIcSLE. Fur-
thermore, we confirm that the CHILI is able to accurately describe 
the degree of cSLE improvement.

Several pediatric rheumatology response measures, such 
as the JIA- ACR30 criteria to capture response to therapy with 
JIA, consider relative (or percentage) changes in core response 
variables. While CHILI algorithms using percentage and absolute 
changes performed similarly in terms of accuracy, sensitivity, and 
specificity at the proposed threshold scores, we consider CHILI 
scores calculated from absolute changes in the cSLE- CRVs to 
be easier to compute, hence preferable. This is consistent with 

Figure 2. Performance of Childhood Lupus Improvement Index (CHILI) when considering absolute of the cSLE core response variables between 
baseline and follow-up in the development data set and the validation data set.  The accuracy of the CHILI algorithm is largely maintained in the validation 
data set (blue) as compared to the training data set (red). As shown in panel labeled CRI a CHILI score of 54 (range 0–100) was 81.1% sensitive (Sen) 

and 84.5% specific (Spec) in the validation data set to capture CRIcSLE, with an overall accuracy (area under the receiver operating characteristic curve 
[AUC]) of 0.93.  CHILI algorithms developed and validated to measure CRICSLE were also excellent in discriminating patients with various levels of 
improvement (minor, moderate, major) between baseline and follow-up. CRI = clinically relevant improvement (see Figure 1 for other definitions).



BRUNNER ET AL 588       |

the recently published ACR provisional criteria for global flares 
in cSLE (7,28). Indeed, more complex mathematical maneuvers 
beyond addition and multiplication are avoided, which is differ-
ent from the Disease Activity Score in 28 joints, which includes a 
square root calculation, for example (29). For reasons associated 
with scaling, we transformed the CHILI scores to range from 0 to 
100, with higher scores reflecting a larger degree of improvement. 
Whether such mathematical transformation maneuvers improve 
the ease of use of the CHILI will need to be studied in the future.

Different from the ACR provisional criteria for global flares in 
cSLE (7), the CHILI considers patient perspectives more compre-
hensively. Specifically, changes in patient overall well- being and 
physical function (CHQ- PhS) are included in the algorithm. This is 
consistent with the results of earlier discussions of how to capture 
response to therapy in cSLE (6,8).

Currently, the SRI is the principal outcome measure used 
in clinical trials in adults with SLE. We have shown that the 
PRINTO/ACR provisional criteria for response to therapy in cSLE 
(9) are more accurate than the SRI in capturing improvement in 
cSLE (10). In the current study, we confirmed that the PRINTO/
ACR provisional criteria for response to therapy seem to have, at 
best, fair accuracy for capturing the true course of cSLE, includ-
ing CRIcSLE. Different from the CHILI, in the PRINTO/ACR pro-
visional criteria for response to therapy all cSLE- CRV changes 
are considered equally (same percentage changes) relevant for 
measuring response to therapy. However, from a measurement 
point of view, as supported by the consensus definition for 
CRIcSLE and our univariate analysis, the cSLE- CRVs have differ-
ential importance to clinicians when judging the disease course 
in a child with cSLE (10). Taken together, the PRINTO/ACR pro-
visional criteria for response to therapy—and by extension the 
SRI—can be used in clinical trials of cSLE but likely require sam-
ple sizes larger than those using the CHILI to capture response 
to therapy.

A limitation of our study might be that we were unable to test 
whether consideration of the British Isles Lupus Activity Group 
index (30) or other disease activity indices instead of the SLEDAI 
as a measure of cSLE activity would have allowed us to accu-
rately identify cSLE patients who experienced CRIcSLE. Indeed, 
the cSLE- CRVs do not specify which validated measures of cSLE 
activity are considered for the assessment of patients’ response 
to therapy (9). We used the SLEDAI, given its ease of use and 
widespread acceptance around the world. Additional research 
will be required to assess whether other disease activity index 
scores can be used interchangeably. In addition, we did not pro-
vide patient profile raters with consensus definitions of what con-
stitutes minor, moderate, and major improvement. Nonetheless, 
the accuracy of the CHILI algorithm performed well in the data 
sets used in this study. Last, we focused on the majority rule to 
adjudicate the disease course presented in the various patient 
profiles, which might have introduced bias. However, use of the 
67% rule yielded results comparable to those using the CHILI.

The ACR has outlined a series of validation steps neces-
sary before new criteria are to be widely used for clinical care 
or research (15,31). One step is to use data from clinical trials 
to develop response criteria. However, such data from interven-
tions that impact cSLE activity currently are unavailable. Thus, 
we used the patient profile raters’ perceptions of the course of 
cSLE instead. Given the prospective character of our data and the 
expertise of the patient profile raters, we considered the quality of 
the training data set and the validation data set to be high, and the 
number of patient profiles to assess CRIcSLE yielded a robust CHILI.

In summary, a methodologically stringent process was used 
to develop a novel index to measure global improvement or 
response to therapy in cSLE. This provisional CHILI instrument 
can be used to help identify children with cSLE who have expe-
rienced a clinically relevant improvement and to categorize the 
degree of improvement as minor, moderate, or major. However, 
additional testing in independent data sets is required to confirm 
the performance characteristics of the CHILI when used in cSLE.
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Gaps in Mental Health Care for Youth With Rheumatologic 
Conditions: A Mixed Methods Study of Perspectives From 
Behavioral Health Providers
Andrea Knight,1 Michelle Vickery,1 Lauren Faust,1 Eyal Muscal,2 Alaina Davis,3  Julia Harris,4 Aimee O. Hersh,5 
Martha Rodriguez,6 Karen Onel,7 Tamar Rubinstein,8 Nina Washington,9 Elissa R. Weitzman,10 Hana Conlon,11 
Jennifer M. P. Woo,12 Dana Gerstbacher,13 and Emily von Scheven,14 for the Childhood Arthritis and 
Rheumatology Research Alliance Investigators

Objective. To identify behavioral health provider perspectives on gaps in mental health care for youth with rheu-
matologic conditions.

Methods. Social workers (n = 34) and psychologists (n = 8) at pediatric rheumatology centers in the Childhood 
Arthritis and Rheumatology Research Alliance (CARRA) completed an online survey assessing current practices and 
mental health care needs of youth with rheumatologic conditions. Responses were compared to a published survey 
of CARRA rheumatologists (n = 119). Thematic analysis of 20 semi- structured interviews with behavioral health pro-
viders was performed.

Results. One- third of CARRA centers (n = 100) had no affiliated social worker or psychologist. Only 1 behavioral 
health provider reported current universal mental health screening at their rheumatology clinic, yet routine depression 
screening was supported by >85% of behavioral health providers and rheumatologists. Support for anxiety screening 
was higher among behavioral health providers (90% versus 65%; P < 0.01). Interviews illustrated a need for inter-
ventions addressing illness- related anxiety, adjustment/coping/distress, transition, parent/caregiver mental health, 
and peer support. Limited resources, lack of protocols, and patient cost/time burden were the most frequent barriers 
to intervention. Inadequate follow- up of mental health referrals was indicated by 52% of providers. More behavioral 
health providers than rheumatologists favored mental health services in rheumatology settings (55% versus 19%; P 
< 0.01). Only 7 social workers (21%) provided counseling/therapy, and interviews indicated their perceived underuti-
lization of these services.

Conclusion. Behavioral health providers indicated an unmet need for mental health interventions that address 
illness- related issues affecting youth with rheumatologic conditions. Implementation of mental health protocols and 
optimizing utilization of social workers may improve mental health care for these youth.

INTRODUCTION

Mental health disorders are common in adolescents and 
young adults with rheumatologic conditions such as juvenile 
idiopathic arthritis, systemic lupus erythematosus, and juve-

nile dermatomyositis. Studies report high prevalence rates of 
depression, anxiety, and other mental disorders among these 
youth ranging from 15% to 65% (1–5), including a high risk of 
suicidal ideation (1,6). Studies also suggest that youth with 
rheumatologic conditions may have higher rates of unmet 
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mental health needs compared to peers with other chronic 
diseases (7), and that they are more severely affected by 
depression in adulthood than those in the general population 
(8) and those with adult- onset rheumatologic conditions (9). 
Furthermore, youth with rheumatologic conditions and mental 
health disorders may experience adverse clinical and psycho-
social outcomes due to suboptimal medication adherence, 
poor disease control, poor transition to adult care, poor quality 
of life, and lower education attainment (7,9–12). Therefore, it 
is critical that youth in pediatric rheumatology receive timely 
mental health intervention.

Adequate mental health care includes effective identification 
and treatment of mental health disorders. While studies have 
indicated that collaborative mental and medical care models 
in primary care are effective in connecting pediatric patients to 
mental health services (13), little is known about optimal models 
for youth with chronic illnesses in subspecialty care settings such 
as pediatric rheumatology. A national study of pediatric rheuma-
tologists indicated a need for improved mental health care for 
adolescents with lupus; however major barriers to mental health 
intervention included limited staff time, resources, and availability 
of behavioral health providers (14).

Existing behavioral health providers in pediatric rheumatol-
ogy settings provide valuable insight into mental health interven-
tion strategies for youth with chronic rheumatologic conditions. 
In this mixed methods study, we investigated perspectives from 
behavioral health providers on gaps in mental health care for 
these youth. We aimed to characterize their beliefs, current prac-
tices, and perceived gaps, barriers, and facilitators for mental 
health care in the pediatric rheumatology setting.

PATIENTS AND METHODS

Participants. We surveyed behavioral health provid-
ers at centers in the Childhood Arthritis and Rheumatology 

Research Alliance (CARRA), a research network containing 
>95% of practicing pediatric rheumatologists in the US and 
Canada, which included 100 clinical sites in 2016. Contact 
information for CARRA- affiliated behavioral health provid-
ers was obtained from pediatric rheumatologists at CARRA 
centers. Eligible participants included social workers and 
psychologists with recent clinical experience (within the past 
5 years) in pediatric rheumatology who had been involved 
in caring for youth (including adolescents and young adults) 
with systemic lupus erythematosus (SLE), juvenile idiopathic 
arthritis (JIA), or juvenile dermatomyositis (DM). The study was 
submitted but exempted from human subjects review by The 
Children’s Hospital of Philadelphia Institutional Review Board.

Surveys. A 50- item online survey was developed to 
assess provider and rheumatology clinic characteristics, 
beliefs, current practices, and perceived barriers for men-
tal health care of youth with SLE, JIA, or juvenile DM. Sur-
vey questions were drafted by 2 authors of the present study 
(AK and MV), and edited and pilot- tested by the CARRA 
 Workgroup on SLE Mental Health. Provider characteristics 
included  provider type (social worker versus psychologist), 
sex, country of residence, location (urban, suburban, or rural), 
years of experience as a behavioral health provider and with 
rheumatology patients, upper age limit of patients with whom 
they work (ages 19 years, 20–24 years, or >24 years), current 
full- time equivalent effort (total and rheumatology- dedicated), 
and number and type of other subspecialties with which they 
work. Clinic characteristics included type (university- affiliated, 
hospital- affiliated, or other), number of rheumatologists, and 
presence of dedicated behavioral health provider office space 
(yes/no). Participants were asked about their beliefs regarding 
adequacy of mental health intervention for pediatric rheuma-
tology patients, and preferred timing and settings for mental 
health screening and treatment. We elicited information on 
current social worker and psychologist services provided, 
and mental health care practices in the pediatric rheumatol-
ogy setting, including mental health screening, referrals, and 
treatment. Participants also rated the frequency of 33 poten-
tial barriers (15 for routine mental health screening and 18 
for mental health treatment) based on known correlates of 
unmet need for mental health services in children and ado-
lescents (15,16). Participants rated the frequency of barriers 
on a 4- point Likert scale where 0 = never, 1 = sometimes, 2 =  
often, and 3 = very often. REDCap software (17) was used to 
administer the surveys anonymously via an email with a link 
to the web- based survey. The survey link was available from 
May 2016 to August 2017, and 3 reminder emails were sent to 
potential participants.

Interviews. All survey participants were invited to partici-
pate in semi- structured qualitative interviews in order to collect in- 

SIGNIFICANCE & INNOVATIONS
• Youth with chronic rheumatologic conditions have

high levels of mental health comorbidity and con-
sequent risk for adverse health outcomes, yet 
rheumatology-based behavioral health support is 
lacking, and mental health care is suboptimal for 
this population.

• Behavioral health providers in pediatric rheumatol-
ogy settings identify practice gaps due to the lack 
of protocols for routine mental health screening 
and referral follow-up, and need for interventions 
addressing illness-related anxiety and adjustment/
coping.

• Social workers indicate potential underutilization
as mental health providers in the pediatric rheu-
matology setting.
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depth information to complement the survey data. This purposive 
sampling technique, often used in qualitative methods, involves 
nonrandomized, deliberate sampling of pre- defined groups to 
maximize collection of relevant data (18). A study coordinator, 
who was trained in qualitative interview techniques, administered 
an open- ended, semi- structured interview guide to elicit provider 
experiences with youth who have SLE, JIA, or juvenile DM. Inter-
view questions covered topics including training, work experience 
and services provided within and outside of pediatric rheumatol-
ogy, current mental health practices in the pediatric rheumatol-
ogy clinic, and perceived care needs for pediatric rheumatology 
patients and their families.

Two interviews took place in- person, and the remainder 
via telephone. Telephone interviews were offered to maximize 
availabili  ty for participation. All interviews were digitally recorded, 
transcribed, de- identified, and entered into NVivo qualitative data 
analysis software, version 11 (QSR International). Participants 
received reimbursement ($25) for interview participation.

Data analysis. We evaluated the survey responses and 
performed descriptive statistics for provider characteristics, 
beliefs, and current practices, excluding ineligible responders 
and incomplete responses (those for which surveys were not 
submitted). In order to characterize the distinct perspective of 
behavioral health providers, we compared their beliefs about 
mental health intervention to those of CARRA pediatric rheu-
matologists who had participated in a published survey study 
conducted in 2015 (n = 119; 35% response rate) (14). We fur-
ther compared beliefs for behavioral health providers to 2 sub-
groups of the CARRA rheumatologists, composed of those with 
a high level of behavioral health support at their clinic site (n = 
77, reporting “very” accessible) versus those with a low level of 
behavioral health support (n = 38, reporting “somewhat” or “not 
very” accessible) at their clinic site (accessibility level missing 
for 4 subjects). Comparisons between behavioral health pro-
vider and rheumatologist responses were performed using the 
2- sample test of proportions. For analysis of barriers to men-
tal health screening and treatment, we calculated the mean of 
Likert scores for each barrier across behavioral health provider 
respondents, and ranked them by mean score (range 0–3). Sta-
tistical analyses were performed using Stata statistical software, 
version 14.

We utilized an integrated approach to analyze the qualita-
tive interview data, using inductive codes that emerged during 
a line- by- line reading of the data themselves, alongside a priori 
codes that reflected our key research question (19). Codes were 
evaluated and revised after each coding session, consistent with 
the constant comparative method (20). Each interview was coded 
separately in NVivo by 2 authors (MV, LF), and all coding was 
reviewed to ensure coding consistency. Discrepancies in coding 
were discussed and resolved by consensus. Analysis for underly-
ing themes, or key features, of behavioral health provider perspec-

tives was performed concurrent with coding, to identify perceived 
gaps, barriers, and facilitators for mental health care. A narrative 
summary was generated to include illustrative quotes.

RESULTS

Only 49 of the 100 CARRA clinical sites that were contacted 
reported having a social worker or psychologist involved in the 
care of pediatric rheumatology patients. Thirty- three sites reported 
absence of a social worker or psychologist, and 18 sites did not 
provide the requested information. Of 59 behavioral providers who 
were contacted from the 49 sites, 48 providers (81%) responded. 
After exclusions (6 incomplete responses), 42 responses (34 
social workers and 8 psychologists) were analyzed. Twenty indi-
vidual interviews (18 social workers and 2 psychologists) were 
conducted.

Provider characteristics. Survey participants had a 
mean ± SD of 16 ± 9 years of experience in practice, and a 
median of 5 years with pediatric rheumatology patients (inter-
quartile range [IQR] 2.5–8.0). The mean ± SD full- time equivalent 
effort in rheumatology was 0.5 ± 0.3 for social workers, and 0.1 
± 0.1 for psychologists. Clinic characteristics of participants in 
our study were similar to those demonstrated in previous studies 
that included surveyed pediatric rheumatologists (n = 119). In the 
present study, 86% (versus 94%) were at university- based clin-
ics, 76% (versus 82%) were at urban centers, and the median 
number of rheumatologists was 7 (IQR 5–10) (versus a median 
of 6 rheumatologists, IQR 4–10). The rheumatologist subgroups 
with high levels of behavior health suport (n = 77) versus those 
with low levels of support (n = 38) did not differ in sex, years of 
experience, level of formal mental health training, age of patient 
population, practice type (university versus hospital- affiliated) or 
location (urban versus rural); however, more rheumatologists with 
high levels of behavioral health support compared to those with 
low levels lived in the Midwestern and Western US regions (P = 
0.03). Additional behavioral health provider and clinic character-
istics are shown in Table 1. Characteristics of the 20 interviewed 
behavioral health providers did not differ from participants who 
were not interviewed.

Beliefs about mental health intervention: behav-
ioral health providers versus pediatric rheumatolo-
gists. Twenty- eight of the 42 behavioral health providers (67%) 
thought that their pediatric rheumatology practice adequately 
identified youth with mental health symptoms, compared to 
48% of 119 pediatric rheumatologists (P < 0.05), and 29% 
of 42 rheumatologists (P < 0.001) with low levels of behavior-
 al health staff support (Table 2). Support for universal routine 
screening of youth for depression was similar among behav-
ioral health providers and the whole rheumatologist group 
(90% versus 85%; P = 0.41), but was lower for those with 
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low levels of behavioral health staff support (90% versus 71%;  
P < 0.05). Support for universal routine screening for anxiety 
differed among behavioral health providers and rheumatolo-
gists (90% versus 65%; P < 0.01). The rheumatology clinic 
was the most favorable setting for depression and anxiety 
screening for behavioral health providers and rheumatologists 

(76% versus 77%; P = 0.90).

Connecting symptomatic youth to mental health treatment 
was thought to be adequate by 64% of behavioral health provid-
ers and 55% of all rheumatologists (P = 0.31), but only by 33% 
(P < 0.001) of rheumatologists with low behavioral health staff 
support (Table 2). With regard to settings for evaluation of symp-
tomatic youth by a mental health professional, more behavioral 
health providers than rheumatologists favored evaluation in the 
rheumatology setting (55% versus 19%; P < 0.01), and fewer 
behavioral health providers favored evaluation in the psycholo-
gist/psychiatrist office setting (76% versus 100%; P < 0.01).

Behavioral health provider practices and per-
ceived gaps in mental health care. Despite the majority 
support from behavioral health providers for universal routine 
mental health screening in rheumatology clinics, only 1 such 
provider (2%) reported using these screenings as current 
practice (Table  3). Twelve providers (29%) reported that no 
depression/anxiety screening of any kind was in place at their 
rheumatology practice, and 11 providers (26%) were unsure 
of current screening practices. Of the 19 providers (45%) who 
reported using any depression/anxiety screening, 9 (47%) 
used a standardized screening tool, and only 4 (21%) had a 
protocol for handling the results. Additionally, 93% of behavio-
ral health providers supported routine screening of patients for 
adjustment/coping distress related to illness. The vast majority 
of social workers (88%) expressed willingness to administer 
mental health screening.

Although 28 (67%) of the behavioral health providers 
reported the presence of other accessible on- site behavioral 
health staff to assist with handling the screening results, the 
majority of participants made mental health referrals to off- site 
versus on- site services for counseling/psychotherapy (93% ver-
sus 7%), psychiatrist evaluation (93% versus 7%), and support 
groups (69% versus 31%) (Table 3). While 33 providers (79%) 
thought that mental health referral practices were adequate, 20 
providers (48%) thought that follow- up of these referrals was 
adequate, and 25 providers (60%) reported that their clinic had a 
protocol for following up on mental health referrals.

All 8 of the participating psychologists reported that they pro-
vide mental health counseling/therapy to rheumatology patients, in 
contrast to 7 social workers (21%) (Table 3). For these 15 provid-
ers, therapy was most commonly provided for anxiety, depression, 
and adjustment disorder, consisting of initial consultation (87%), 
brief therapy for 6–8 sessions (67%), and ongoing therapy of 
longer duration (47%). Of the social workers not providing therapy, 
84% said it was not within their current scope of practice, 38% 
said they lacked time, and 31% said they lacked private space. A 
total of 92% of these social workers were interested in receiving 
training to provide brief therapy to youth in the rheumatology set-
ting. Additionally, most social workers were interested in facilitating 
support groups for youth (82%) and parents (85%), while most 
psychologists were interested in providing family therapy (88%).

Table 1. Demographics and practice characteristics of behavioral 
health providers in pediatric rheumatology (n = 42)*

Characteristic Value

Provider type
Social worker 34 (81)
Psychologist 8 (19)

Sex, female 39 (93)
Country of residence

US 38 (90)
Canada 4 (10)

Location
Urban 32 (76)
Suburban 9 (22)
Rural 1 (2)

Years social worker/psychologist 
experience, mean ± SD

16 ± 9

Years with pediatric rheumatology 
patients, median (IQR)

5 (2.5–8)

Upper age limit of patients
19 years 20 (48)
20–24 years 22 (52)
>24 years 0 (0)

Current FTE effort total/pediatric 
rheumatology, mean ± SD

Social workers 0.8 ± 0.2/0.5 ± 0.3
Psychologists 1.0 ± 0.04/0.1 ± 0.1

Office space in rheumatology clinic 17 (40)
Rheumatology clinic type
University-affiliated 36 (86)
Hospital-affiliated 4 (10)
Other† 2 (4)

No. of rheumatologists in clinic, 
median (IQR)

7 (5–10)

No. of other subspecialties working 
with, median (IQR)

Social workers 1 (0–3)
Psychologists 4 (2–6)

* Values are the number (%) of behavioral health providers unless 
indicated otherwise. Missing observations for providers included 
sex (n = 1), years of experience with pediatric rheumatology (n = 
1), current full- time equivalent (FTE) effort total (n = 2), number of 
rheumatologists (6), and number of other specialties (3). IQR = in-
terquartile range; 
† Other clinic types included private practice (n = 1) and unspeci-
fied (n = 1). 
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Data from the interviews paralleled the survey results, indi-
cating a need for interventions that address depression, anxiety, 
adjustment/coping distress, parent/caregiver mental health, as 
well as peer support services for patients and families. Additionally, 
several participants identified a need for counseling of adolescent 
patients during the time of transition from pediatric to adult care. 
Interview participants also elaborated on the need for improved 
follow- up practices for mental health referrals. Supporting quotes 
illustrating the previously identified needs are included in Table 4.

Perceived barriers and facilitators to mental 
health intervention. The rankings for perceived barriers 
to mental health screening and treatment from the survey of 
behavioral health providers are summarized in Figure 1. The 5 
most frequent barriers to screening included limited time during 
clinical encounters, lack of a screening protocol/policy, lack of 
staff to screen, lack of staff to follow- up on results, and lack 
of social worker involvement in the screening process. The 5 
most frequent barriers to treatment were long waiting lists, lim-
ited locations for mental health providers, time burden and costs 

to patients and families, and challenges for patients/families in 
navigating the health care system.

Qualitative interview analysis yielded insight into the under-
lying themes of barriers and facilitators for mental health inter-
vention (Figure 2). Interviews revealed that many social workers 
desired to be involved in mental health intervention, but were 
not being currently utilized for these services, despite having 
appropriate training; this was perceived as a contributor to the 
lack of behavioral health resources. One social worker stated, “I 
get a lot of referrals for ‘Can you write the school a letter? Can 
you solve this insurance problem? Can you help this family get 
here?’ That doesn’t take a Master’s degree… if we had a school 
liaison or a transition coordinator or somebody who just dealt 
with insurance, like that would definitely free me up to do more 
mental health, more psychosocially focused interventions.”

Facilitators for mental health intervention identified from the 
interviews included early and systematic mental health intervention, 
an integrated approach to medical and mental health,  presence 
of a strong relationship between behavioral health  providers and 
rheumatologists, institutional and divisional support, and partner-

Table 2. Comparison of behavioral health provider versus rheumatologist beliefs about mental health intervention in pediatric rheumatology*

Beliefs

Behavioral health 
providers 
(n = 42)

Pediatric rheumatologists

Full sample 
(n = 119)

High behavioral health 
support 
(n = 77)

Low behavioral health 
support (n = 38)

Rheumatology clinics 
Adequately identify patients with mental 

health symptoms
28 (67) 57 (48) † 42 (54) 12 (32) ‡

Adequately connect patients to mental 
health treatment

27 (64) 65 (55) 48 (62) 14 (36) †

Routine screenings
In support of depression screenings 38 (90) 101 (85) 68 (88) 30 (79)
In support of anxiety screenings 38 (90) 77 (65) ‡ 50 (65) ‡ 24 (63) ‡

Favorable setting for depression/anxiety 
screening

Rheumatology clinic 32 (76) 92 (77) 64 (83) 25 (66)
PCPoffice 21 (50) 67 (56) 45 (58) 20 (53)
During hospitalizations 18 (43) 36 (30) 23 (30) 12 (32)
Emergency room 14 (33) 21 (18) † 13 (17) ‡ 7 (18) †

Favorable setting for mental health 
services for patients screening 
positive

Rheumatology clinic 23 (55) 22 (19) ‡ 19 (25) ‡ 3 (8) §
PCPoffice 12 (29) 41 (34) 27 (35) 12 (32)
Psychologist/psychiatristoffice 32 (76) 119 (100) ‡ 77 (100) § 38 (100) §
School 7 (17) 30 (25) 21 (27) 7 (18)

* Values are the number (%) of participants. Beliefs for behavioral health providers were compared to a pediatric rheumatologist sample,
as well as subsamples according to the level of behavioral health staff support (missing for 4 rheumatologist subjects), using the 2- sample 
test of proportions. 
† P < 0.05. 
‡ P < 0.01. 
§ P < 0.001.
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ship between rheumatology practices and  foundations, schools, 
and community.

DISCUSSION

Our mixed methods study of perspectives from behavioral 
health providers in pediatric rheumatology settings demonstrates 
current gaps in mental health care of youth with rheumatologic 
conditions. We found that less than half of CARRA sites reported 
social worker or psychologist involvement in the care of pediatric 
rheumatology patients. As CARRA represents over 95% of US 
and Canadian pediatric rheumatology centers, this is of great con-
cern given the increasingly reported mental health burden in this 
patient population, and potential for negative impact on clinical 
and psychosocial outcomes due to suboptimal medication adher-

ence, poor disease control, poor transition to adult care, poor 
quality of life, and lower education attainment (7,9–12). Our results 
shed light on opportunities for improving mental health interven-
tion in the setting of a lack of behavioral health resources for a 
patient population with clear mental health care needs.

Identification of mental health conditions in pediatric rheuma-
tology patients is a necessary first step towards ensuring appro-
priate intervention. Inadequate identification of mental health 
conditions for youth in the rheumatology setting was indicated by 
33% of behavioral health providers, 54% of pediatric rheumatol-
ogists with high levels of behavioral health support, and 68% of 
rheumatologists with low levels of support. These findings illus-
trate the benefit of accessible behavioral health staff for identifying 
youth with mental health needs; however, they also suggest that 
high levels of access to behavioral health staff is not enough, and 

Table 3. Current mental health practices in pediatric rheumatology reported by behavioral health providers (n = 42)*

Mental health practices Value

Mental health screening
No depression/anxiety screening in 

place at clinic
12 (29)

Unsure if clinic practices screening 11 (26)
Clinic practices any depression/anx-

iety screening 
19 (45)

Universal for all adolescent 
patients

1 (2)

Routine in some groups of pa-
tients

8 (19)

Only in symptomatic patients 10 (24)
Use of standardized screening 

tools
9 (21)

Protocol present for handling 
screening results

4 (10)

Presence of other accessible on- 
sitestafftoassistwithhandling
results

28 (67)

Mental health referral
Rheumatology clinic adequately 

refers patients to appropriate 
treatment

33 (79)

Rheumatology clinic adequately 
follows up patients referred for 
treatment

20 (48)

Referspatientstoon-site/off-site
services

For counseling/psychotherapy 3 (7)/39 (93)
For psychiatrist evaluation 3 (7)/39 (93)
For support groups 13 (31)/29 (69)

Clinic has a protocol for follow- up of 
referrals†

25 (60)

Mental health practices Value

Mental health treatment
Provides counseling/therapy to  

rheumatology patients
15 (36)

Type of therapy provided (n = 15)‡
Initial consultation 13 (87)
Brief therapy (6–8 sessions) 10 (67)
Ongoing therapy (>8 sessions) 7 (47)
Most common conditions for 

providing therapy to patients 
(n = 15)

Anxiety 15 (100)
Depression 14 (93)
Adjustment disorder 14 (93)

Among social workers not providing 
counseling/therapy (n = 26)†

Reasons for not providing therapy
Not in scope of practice for 

current position
22 (84)

Lack of time 10 (38)
Lack of private space 8 (31)
Lack of training 4 (15)
Not interested 1 (4)

Interest in training to provide brief 
therapy

24 (92)

Social worker/psychologist interest§
In providing family therapy 23 (68)/7 (88)
In facilitating support groups for 

 adolescent patients
28 (82)/4 (50)

In facilitating support groups for 
 parents

29 (85)/4 (50)

* Values are the number (%) of behavioral health providers. 
† Missing observations included protocol for follow- up (1), and providing counseling/therapy (1) 
‡ Includes social workers who provided therapy- initial consultation (6), brief therapy (3), and/or ongoing therapy (1)
§ N = 34 and 8, respectively.
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that approaches for routine, universal mental health assessment 
are necessary.

Encouragingly, there was clear support from 90% of behav-
ioral health providers and 85% of rheumatologists for routine 
depression screening. While it may be argued that universal 
depression screening can be conducted in primary care settings, 
per American Academy of Pediatrics guidelines for adolescent 
care (21), less than 1% of primary care clinic visits were found to 

include depression screenings, as recently as 2013 (22). The opti-
mal setting for mental health screening of pediatric rheumatology 
patients may be in the pediatric rheumatology clinic, where they 
are seen more frequently (1). This is supported by more than 75% 
of surveyed behavioral health providers and pediatric rheuma-
tologists. Additionally, qualitative studies indicate that youth with 
SLE place a high priority on improvement in coordination between 
medical and mental health specialties (23), and that adolescent 

Table 4. Illustrative quotes from behavioral health providers indicating gaps in mental health care for patients in pediatric rheumatology

Mental health gaps Quote

Need to address both depression and 
anxiety in youth with rheumatologic 
conditions

“We do see a lot of anxiety. We do see a lot of depression, but I don’t feel like we have 
the adequate time to really address that.” (social worker)

“A lot of school performance anxiety and also depression, sometimes related to 
diagnosis and just the struggle with that and the difference that kids feel.” 
(social worker)

“Anxiety being a big one…less depression and more anxiety, but depression and 
anxiety are kind of hand in hand.” (social worker)

Need to address adjustment/coping/
distress related to illness

“If you have a sort of illness that is lifelong, requires ongoing management forever, I 
think some of the same issues can arise when it comes to coping, and any kid in that 
category is at higher risk for depression, anxiety, those kinds of things.” 
(psychologist)

“There are so many adjustment kind of things…particularly with rheumatology and 
some of the longer- term kind of prognoses and adjustments and things like that may 
be particularly important.” (psychologist)

“I would like to see us maybe do a little more emphasis on just adjustment to care and 
really try and get a better idea of – just really, how is our young patient understand-
ing this? …This might really help them get over the hump.” (social worker)

“I think that the initial shock of learning that you have a chronic illness that is not 
necessarily curable may generate a lot of stress and anxiety on them. So how are 
they able to promote self- efficacy in terms of learning about the illness, learning 
about your own skills, and your coping strategies.” (social worker)

Need for support during adolescent 
transition from pediatric to adult 
care

“Counseling surrounding transitioning and assessing what their capabilities are of 
managing their medical care on their own…I think that there’s definitely a need for 
some kind of support in those areas where I could be useful.” (social worker)

“You could support a full- time psychologist, especially looking at sort of transition to 
adulthood stuff… but we do not have the manpower to do that with it just being me.” 
(psychologist)

Need to address parent/caregiver 
mental health issues

“I think the parents are also having issues, whether it’s they’ve had lupus or they’re 
overwhelmed by certain things in their life, and they sort of can’t take another thing 
on their plate.” (social worker)

“I think we all know that if there’s issues with the parents themselves, it’s difficult for 
them to cope with and help the child adhere to difficult treatment regimens… I feel 
like sometimes we only ask the parents about their perceptions of the kid’s stuff and 
we’re not sort of looking at the whole thing.” (psychologist)

“And what I said to mom is, you’re modeling for your child, taking care of yourself. You 
also – I know you wanna be the best mom you can be. If you’re not in your best place, 
it’s really hard to be the best you could be for your daughter.” (psychologist)

Need for improved follow- up of 
patients referred for mental health 
services

“I would love to say that I make phone follow- ups. I used to, and I still try, but if I know 
someone’s being connected to something, I have to trust. It’s sort of a new model 
that we’re all trying to embrace here, that we can’t do the kind of follow- up we used 
to.” (social worker)

“Sometimes I really wish that I could do more follow- up with all of the patients I see, 
but I would never get to see anybody else….It really is hard to provide, I think, the 
consistent follow- up that you would like.” (social worker)

“So I try to see them again…when I see that they are on the schedule for a visit…but I 
admit that there are families who fall through the cracks.” (social worker)

“There’s no set protocol or anything for follow- up after they’ve been given names.” 
(social worker)

“We refer all the time. And whether people follow up or not is – it is challenging.” (social 
worker)
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patients and their parents prefer to receive mental health screen-
ing and referral through their pediatric rheumatologist (24). Our 
results therefore suggest that implementation of routine depres-
sion screenings in pediatric rheumatology clinics should occur.

In addition to depression screenings, behavioral health pro-
viders indicated a need for better identification of other illness- 
related mental health conditions impacting the youth. They indi-
cated significantly high support for anxiety screening at 90%, 
compared to rheumatologists at 65%, indicating that anxiety is 
likely being underrecognized by pediatric rheumatologists. Screen-
ing for disorders related to adjustment/distress and coping with 
illness received even higher support by 93% of behavioral health 
 providers, and was revealed in the interviews to be an unmet 
need for both patients and their parents/caregivers. Studies have 
described significant emotional burden in parents of children with 
JIA (25), with adverse impact on child quality of life (26,27), and 
our findings highlight the importance of emotional assessment for 
both patients and parents/caregivers. Furthermore, ongoing men-
tal health screening during the transition period from pediatric to 
adult care is likely to be beneficial. This is supported by the inter-
view participants who identified a need for mental health support 
during this time, and a study of young adult patients with SLE 
showing emotional issues to be a primary contributor to transition 
difficulties resulting in poor symptom control, and ongoing and 
new major organ involvement (10).

Regrettably, despite the majority support for mental health 
screening of patients, only 2% of both behavioral health providers 
and previously- surveyed pediatric rheumatologists reported uni-
versal screening occurring in the rheumatology setting (14). Top 

barriers to mental health screening and subsequent treatment 
reported by behavioral health providers and pediatric rheumatolo-
gists included limited time, staff resources, and mental health pro-
viders (14). Additional top barriers reported by behavioral health 
providers were lack of screening protocol, lack of social worker 
involvement, and time/cost burden to patients and families. While 
these barriers seem overwhelming, our results indicate poten-
tial opportunities to better utilize existing resources to provide 
rheumatology- based mental health intervention.

The rheumatology clinic was reported by 55% of behavioral 
health providers to be a favorable setting for provision of men-
tal health services to youth with identified need. Social workers 
appear to be the most readily available potential behavioral health 
providers of these services in the pediatric rheumatology setting, 
representing 81% of study participants, and spending on average 
half of their full- time equivalent effort with pediatric rheumatology 
patients. While our results indicate that social workers are being 
utilized for mental health in some capacity, social worker partici-
pants expressed feeling underutilized in this area, despite having 
interest in training and participation in mental health screening and 
counseling/therapy.

Social workers may be well- positioned to provide several 
needed interventions for youth and parents/caregivers. They 
could provide coping skills training for adjustment/coping/dis-
tress issues, focusing on cognitive restructuring and problem- 
solving, which has been shown to have positive effects on 
adjustment outcomes for youth with chronic conditions (28). In 
children with rheumatologic conditions, social support interven-
tion has also been shown to be protective against adjustment 

Figure 1. Top- ranked barriers to mental health intervention in pediatric rheumatology as perceived by behavioral health providers (n = 42). 
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issues and depression (29), suggesting potential for this type 
of intervention as an upstream approach for preventing these 
disorders. Additionally, given the interest from >80% of surveyed 
social workers to facilitate peer support programs for both ado-
lescent patients and parents/caregivers, they could be utilized 
to establish ongoing peer relationships as a potentially sustain-
able coping strategy for illness- related distress. For example, 
social workers may have a potential role in assisting with online 
peer support programs such as iPeer2Peer, which has been 
successfully piloted in adolescents with JIA (30). Lastly, social 
workers are often key facilitators in the transition from pediatric 

to adult care (31,32), and they could provide mental health sup-
port during this critical time. Given the limited general availability 
of pediatric mental health providers such as psychiatrists and 
psychologists (33), and the limited resources for pediatric rheu-
matology practices to fund their efforts, further investigation of 
roles for social workers and other potential mental health pro-
viders is needed. Furthermore, with only 40% of existing behav-
ioral health provider study participants having office space in 
their affiliated pediatric rheumatology clinic, attention to ensuring 
appropriate space for provision of behavioral health services is 
warranted.

Figure 2. Qualitative themes for barriers and facilitators for mental health care of youth in pediatric rheumatology. Color figure can be 
viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23683/abstract. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23683/abstract
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Still, with the majority of pediatric rheumatology sites likely 
lacking on- site behavioral health providers, and many pediatric 
rheumatology patients residing significant distances away from 
their rheumatology center, ways to better engage community 
behavioral health resources should be considered. Strengthening 
communication and education with community mental health pro-
viders, such as psychologists, psychiatrists and primary care phy-
sicians, regarding disease- related mental health needs of pediatric 
rheumatology patients may improve their access to and receipt of 
mental health care. As most mental health referrals are made to 
off- site providers, our study indicates that better follow- up mech-
anisms are needed to ensure that patients receive appropriate 
ongoing mental health care.

To our knowledge, this is the largest study of behavioral 
health providers working with youth with rheumatologic condi-
tions, using a mixed methods study design to enable rich char-
acterization of mental health care gaps for this patient popu-
lation. However, there are several limitations. First, despite an 
81% response rate, participant perspectives may not reflect 
those of all behavioral health providers in the pediatric rheuma-
tology setting, as we were unable to establish contact with 18 
CARRA sites. Second, for our comparison of behavioral health 
provider and rheumatologist responses, we were  unable to 
match these responses on- site due to the anonymous nature 
of the surveys. It is therefore possible that differences in the 
responses reflected differences in clinical site characteristics; 
however, we think this is less likely given the similar practice 
characteristics (number of rheumatologists, clinic location and 
academic affiliation) reported by the 2 groups. Third, although 
our interview sample was adequate in size to identify pertinent 
qualitative themes (34), and did not differ in characteristics 
from the survey sample, external validity may be limited due to 
the relatively small sample size.

In conclusion, optimization of mental health in pediatric 
rheumatology is an important and ambitious goal with several 
existing barriers. Despite the challenges, our results indicate 
the following key components for accomplishing this goal: 
1) integration of proactive mental health care in the pediatric 
rheumatology setting; 2) optimal utilization of existing mental 
health resources, including increased involvement of social 
workers, provision of dedicated space, and implementation 
of protocols for mental health screening, referral, and fol-
low- up; 3) strengthening of communication with community 
mental health providers to enable adequate follow- up and 
meeting of disease- specific needs; and 4) access to peer sup-
port resources for patients and families. Quality improvement 
approaches may aid with implementation of mental health 
practices and protocols in pediatric rheumatology settings, 
and studies are needed to determine the impact of mental 
health intervention on outcomes for youth with rheumatologic 
conditions.
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Risk of Incident Chronic Obstructive Pulmonary Disease in 
Rheumatoid Arthritis: A Population-Based Cohort Study
Katherine McGuire,1 J. Antonio Aviña-Zubieta,1 John M. Esdaile,1 Mohsen Sadatsafavi,2 Eric C. Sayre,3 
Michal Abrahamowicz, 4 and Diane Lacaille1

Objective. Studies have demonstrated a link between chronic obstructive pulmonary disease (COPD) and inflam-
mation, raising the question whether chronic inflammatory conditions, such as rheumatoid arthritis (RA), predispose 
to COPD. Our objective was to evaluate the risk of incident COPD hospitalization in RA compared to the general 
population.

Methods. We studied a population-based incident RA cohort with matched general population controls, using ad-
ministrative health data. All incident RA cases in British Columbia who first met RA definition between January 1996 
and December 2006 were selected using previously published criteria. General population controls were randomly 
selected, matched 1:1 to RA cases on birth year, sex, and index year. COPD outcome was defined as hospitalization 
with a primary COPD code. Incidence rates, 95% confidence intervals (95% CIs), and incidence rate ratios (IRRs) 
were calculated for RA and controls. Multivariable Cox proportional hazards models estimated the risk of COPD in RA 
compared to the general population after adjusting for potential confounders. Sensitivity analyses were performed to 
test the robustness of the results to the possible confounding effect of smoking, unavailable in administrative data, 
and to COPD outcome definitions.

Results. The cohorts included 24,625 RA individuals and 25,396 controls. The incidence of COPD hospitalization 
was greater in RA than controls (IRR 1.58, 95% CI 1.34–1.87). After adjusting for potential confounders, RA cases 
had a 47% greater risk of COPD hospitalization than controls. The increased risk remained significant after modeling 
for smoking and with varying COPD definitions.

Conclusion. In our population-based cohort, individuals with RA had a 47% greater risk of COPD hospitalization 
compared to the general population.

INTRODUCTION

Increasing attention has been drawn to comorbidities affect-
ing people living with rheumatoid arthritis (RA), as these comor-
bidities are responsible for reduced quality of life and increased 
mortality (1,2). Many comorbidities are the result of chronic inflam-
mation and may, in fact, be considered complications of RA 
(3,4). One potential comorbidity is chronic obstructive pulmonary 

disease (COPD). Although smoking is the primary risk factor for 
COPD, other factors seem to play a role. Several studies have 
established a link between COPD and inflammation (5–9). People 
with COPD have been found to have higher C-reactive protein, 
erythrocyte sedimentation rate, fibrinogen, and tumor necrosis 
factor levels than the general population (8), as well as production 
of a wide range of autoantibodies (10). Cosio et al (7), in a review 
article on immunologic aspects of COPD, emphasizes the central 
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role of inflammation in response to inhaled particles and pollut-
ants, in the pathogenesis of COPD (7). Furthermore, studies have 
shown that inflammatory mediators, such as interleukin (IL)–32 
and IL-17, and anti–citrullinated protein antibodies, which play a 
role in RA, may be involved in the pathogenesis of COPD (5,7 
8,10–15). This raises the question of whether the risk of COPD 
is increased in chronic inflammatory diseases such as RA. The 
potential association between RA and COPD is complicated by 
the fact that smoking is a risk factor for both COPD and RA.

The aim of our study was to evaluate the risk of incident 
COPD in RA compared to the general population by comparing 
the incidence of COPD hospitalization in the RA population of Brit-
ish Columbia with that of matched general population controls.

SUBJECTS AND METHODS

Study design. We conducted a retrospective cohort study, 
using administrative health data, of a population-based cohort of 
incident RA cases for the entire province of British Columbia, with 
matched controls from the general population. The cohorts were 
followed  from January 1996 to March 2010. 

Study sample. All incident RA cases in British Colum-
bia who first met RA criteria between January 1996 and 
March  2006 were identified (using data from January 1990 
onward) from physician billing data from the Ministry of Health 
in a universal health care system. Using previously published 
criteria (16,17), RA cases were selected if they had at least 
2 physician visits more than 2 months apart for RA (Interna-
tional Classification of Diseases, Ninth Revision [ICD-9], code 
714.X). Cases were excluded if they had at least 2 subse-
quent physician visits for another inflammatory arthritis (sys-
temic lupus erythematosus, other connective tissue diseases, 
 psoriatic arthritis, ankylosing spondylitis, and other spondy-
loarthropathies); if they saw a rheumatologist and the RA diag-
nosis was never confirmed; or if there were no subsequent 
RA visits over a followup greater than 5 years. These criteria 
have been validated in a subsample that participated in an RA 
survey, using the impression of an independent rheumatologist 

reviewing medical records from their treating physicians as the 
gold standard, yielding a positive predictive value (PPV) of 0.82 
(18). Each RA individual was matched by sex, birth year, and 
index year with a randomly selected individual from the general 
population with no physician visit for any type of inflammatory 
arthritis. RA individuals and general population controls were 
excluded if they had a diagnosis of COPD prior to their index 
date (as defined in Analysis) and based on a COPD diagnosis 
code in hospitalization data in any position or in physician visit 
data.

Data sources. Data were obtained from administrative 
databases of the Ministry of Health of British Columbia on 
provincially funded health services used since January 1990, 
including all physician visits (with 1 diagnostic code per visit 
representing the reason for the visit), investigations, and pro-
cedures from the Medical Service Plan (19), as well as hospital 
data (20), including up to 25 diagnoses per hospitalization, 
representing the reason for admission (diagnostic code placed 
in primary position), comorbidities relevant to the reason for 
admission, and complications occurring during hospitalization. 
PharmaNet data (21) included information since January 1996 
on all medications dispensed from pharmacies for all individ-
uals, regardless of age or funding source. Vital statistics data 
(22) on deaths and primary cause of death were obtained from 
death certificates. All data were available until March 2010.

No personal identifying information was provided. All pro-
cedures were compliant with the British Columbia Freedom of 
Information and Privacy Protection Act. The study received eth-
ics approval from The University of British Columbia.

Outcome definition. Incident COPD was identified 
by any one of ICD-9 codes 491, 492, 493.2, 496, or ICD-
10 codes J43 or J44 in an individual’s hospital or outpatient 
physician visit data. The primary outcome selected was first 
hospitalization for COPD (i.e., COPD diagnosis in primary 
position of hospitalization data). Sensitivity analyses were also 
performed to test the robustness of the results to different out-
come definitions of COPD, using 1) first COPD code in any 
position in hospital data, and 2) ≥3 outpatient physician visits 
with a billing code for COPD (23). Three physician visits were 
selected for the outpatient definition because a Canadian vali-
dation study in Ontario showed that requiring 3 visits improved 
PPV and specificity compared to 1 or 2 visits (23). Hospitaliza-
tion for COPD was chosen as the primary outcome, to ensure 
COPD outcomes were clinically relevant events, and to reduce 
the risk of detection bias, whereby RA individuals may be more 
likely to see a physician, or to be hospitalized for other med-
ical reasons, and therefore more likely to have a diagnosis of 
COPD recorded in outpatient visits or in a position other than 
primary position in hospitalization data. Quan et al, in a vali-
dation study evaluating the accuracy of chronic conditions in 

SIGNIFICANCE & INNOVATIONS
• Rheumatoid arthritis (RA) is associated with an in-

creased risk of incident chronic obstructive pulmo-
nary disease (COPD).

• We hypothesize that this association is due to the 
chronic inflammation that occurs in RA.

• This finding emphasizes the need to control inflam-
mation in RA, not only to prevent joint damage, but 
also to prevent complications of systemic inflam-
mation, including the development of comorbidi-
ties such as cardiovascular diseases and COPD.
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hospitalization discharge data in Alberta, found a PPV of 92% 
and 91%, using ICD-9 and ICD-10 codes, respectively, with a 
specificity of 99% for COPD (24). Other Canadian studies also 
found good agreement between COPD diagnosis in hospitali-
zation discharge data and chart review, when using the same 
restricted list of ICD codes as used in this study (25,26).

Analysis. Person-years of followup were calculated for RA 
and general population individuals from index date until the out-
come of interest (COPD hospitalization) or last health care utiliza-
tion, i.e., if people died, moved to another province, or study end 
(March 2010). The index date for RA individuals was defined as 
when they first met RA criteria, and for controls it was defined as 
the date of a randomly selected health care encounter occurring 
in the same calendar year as the index year of the RA case to 
which they were matched. Incidence rates (IRs) of COPD and 
95% confidence intervals (95% CIs) were calculated for the RA 
cohort and general population. Incident rate ratios (IRRs), repre-
senting the risk of COPD in RA relative to controls, were calcu-
lated by dividing the RA cohort’s IR with the general population’s 
IR. IRRs were calculated for the entire followup period, as well as 
stratified by age, sex, and by time period after index date. The 
latter was to explore whether the risk of COPD changed with 
increasing RA duration.

Multivariable Cox proportional hazards models (PHMs) 
were used to estimate the risk of COPD in RA relative to the 
general population as follows: 1) stratified by the matching var-
iables, baseline age, and sex, and 2) also adjusting for relevant 
confounders selected from the following potential confound-
ers: age, sex, glucocorticoids use, frequency of physician vis-
its, and prior hospitalizations, the Romano et al adaptation of 
the Charlson comorbidity score (excluding RA as a comor-
bidity) (27–29), presence of asthma, cardiovascular diseases, 
or hyperlipidemia, all calculated over 1 year prior to the index 
date. Potential confounder variables were entered, one at a 
time, into the model in a stepwise forward selection according 
to each variable’s impact on the hazard ratio (HR) of interest 
(i.e., of COPD in RA relative to controls), when compared to 
the HR in the model from the previous step. Variables were 
selected for inclusion in the final model if they had a minimum 
relative effect of 5% on the HR of interest, or if they were sig-
nificant at a P value less than 0.05.

In sensitivity analyses testing the possibility of detection bias, 
2 potential confounder variables were added to the model, repre-
senting whether a chest radiograph or pulmonary function tests 
were performed in the first year after index RA, to evaluate the 
possibility of detection bias, whereby RA individuals may be more 
likely than general population controls to have investigations per-
formed leading to a greater likelihood of COPD diagnosis.

In the main analysis, death was considered as an indepen dent 
censoring event. However, in a sensitivity analysis, we  considered 
death to be a competing risk event, fitting a  subdistribution Cox 

model (30), adjusted for the same covariates selected in the mul-
tivariable Cox model described above.

Sensitivity analyses were also performed to test the robust-
ness of the results to the possible confounding effect of smoking, 
as it is a known risk factor for both RA and COPD; yet, informa-
tion on smoking is not available in British Columbia’s adminis-
trative health databases. A simulated potential confounder was 
added to the Cox PHM, modeling a range of smoking prevalence 
rates and odds ratios (ORs) for the association between smoking 
and both RA and COPD, to ensure the true values were covered. 
Smoking prevalences of 10% to 20% and an OR of 1.3 to 3.0 
were tested. This encompasses the 16.2% smoking rate in the 
British Columbia general population reported by Statistics Can-
ada in 2013 (31) and the 12.5% smoking rate found in a prior 
RA survey by our group (unpublished result). The ORs chosen 
encompass the ORs described in studies of COPD and smoking 
(32,33).

Crude cumulative incidence function curves were estimated, 
describing the cumulative incidence of COPD from index date until 
end of followup, stratified according to RA status. Cumulative inci-
dence curves were also estimated adjusted for the competing risk 
of death (34). Log rank tests were performed to test the equality 
of incidence across strata.

RESULTS

The study population includes 24,625 individuals with RA 
and 25,396 controls from the general population (Figure 1), with 
171,751.22 and 181,669.63 person-years of followup, respec-
tively, and 3,826 and 3,410 deaths observed in the RA cohort and 
controls, respectively (including 70 and 64, respectively, where 
COPD was listed as primary cause of death). Unequal sample 
size in the 2 cohorts is due to exclusion of individuals with COPD 
prior to the index date. Sample characteristics measured at the 
index date are described in Table  1. As expected, the majority 
were females, and mean age at RA onset was 57.2 years. RA indi-
viduals had a significantly greater level of comorbidity, as reflected 
by the Romano et  al adaptation of Charlson comorbidity index 
(27,28), greater glucocorticoid and cardiovascular drug use, and a 
higher prevalence of asthma. RA patients visited physicians more 

often.
Incident COPD hospitalizations were more frequent in the 

RA cohort than the general population controls, with 356 and 
238 COPD hospitalizations observed, respectively, with an inci-
dence rate of 2.07 and 1.31 per 1,000 patient-years, respectively 
(Table 2). This yielded an IRR for the risk of COPD in RA versus 
controls of 1.58 (95% CI 1.34–1.87).

The multivariable Cox proportional hazards model, stratified 
for age and sex, and controlling for relevant covariates, yielded 
an adjusted HR (aHR) of 1.47 (95% CI 1.24–1.74) (Table 3). The 
covariates included in the final model were number of physician 
visits, history of asthma, cardiovascular drugs use, and prior 
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 hospitalization (for any cause) in the year prior to index date. When 
the model was stratified on sex, the adjusted risk in men was 
not statistically significant, aHR 1.25 (95% CI 0.95–1.66), while 
in women, the risk was significantly increased, aHR 1.61 (95% CI 
1.30–1.98). The magnitude of the risk of COPD in RA relative to 
the general population decreased with age, likely due to higher 
baseline rates of COPD in older age groups. No consistent pattern 

was observed when evaluating the risk of COPD hospitalization 
according to RA duration (i.e., over different time intervals after 

the index date).
Results remained significant when also adjusted for chest 

radiographs and pulmonary function tests ordered in the year 
after the index date, to evaluate the possibility of detection bias 
(aHR 1.41 [95% CI 1.19–1.67]). Results remained significant in the 
sensitivity analysis with a subdistribution Cox model (30), which 
controlled for the competing risk of death (aHR 1.47 [95% CI 
1.25–1.74]). The risk of COPD remained increased when differ-
ent definitions were used for the COPD outcome, although the 
magnitude of the risk was lower when COPD was identified using 
outpatient physician visits.

Sensitivity analyses revealed that the risk of COPD remained 
significant after modeling for the potential confounding effect of 
smoking at all smoking prevalence (10–20%) and OR (1.3–3.0) 
combinations, except for 20% and 3.0 together, which did 
not quite reach statistical significance, but represents a higher 
smoking prevalence than that observed in British Columbia 
(Table 3).

Figure 2A shows the cumulative incidence of COPD hospi-
talizations in the RA cohort and controls throughout followup. It 

Figure 1. Flow diagram of study sample. BC = British Columbia; RA = rheumatoid arthritis; COPD = chronic obstructive pulmonary disease.

Table 1. Baseline characteristics of RA cohort and controls*

RA cohort 
(n = 24,625)

Controls 
(n = 25,396)

Person-years of followup 171,751.22 181,669.63
Females, % 67 67
Age at index date, mean ± 

SD years 
57.2 ± 17.1 57.3 ± 17.1

At least 1 prior  
hospitalization, no. (%)

5,417 (22.0) 4,024 (15.8)

Yearly rate of physician 
visits, mean ± SD

14.68 ± 12.62 9.05 ± 10.75

Asthma, no. (%)† 844 (3.4) 648 (2.6)
Diabetes mellitus, no. (%) 1,372 (5.6) 1,490 (5.9)
Cardiovascular drug use, 

no. (%)‡
7,558 (30.7) 7,329 (28.9)

Glucocorticoids use, no. (%) 5,825 (23.7) 857 (3.4)
Hyperlipidemia, no. (%) 2,506 (10.2) 2,673 (10.5)
Romano et al Charlson 

Comorbidity Index, 
mean ± SD†

0.92 ± 0.94 0.29 ± 0.95

* Except for followup, percentage of females, and age at index
date, characteristics were measured over 1 year prior to index 
date. Diabetes mellitus, cardiovascular drug use, glucocorticoids 
use, and hyperlipidemia were identified based on medication use. 
RA = rheumatoid arthritis. 
† Identified based on International Classification of Diseases codes 
in hospitalization and physician visit data. 
‡ Cardiovascular medications include anti-anginals, antihyperten-
sives, cardiac glycosides, diuretics, anti-arrhythmics, and nitrates. 

Table  2. Risk of COPD in RA compared to general population 
controls*

RA cohort 
(n = 24,625)

Controls 
(n = 25,396)

IRR (95% CI) 
RA vs. 

controls

Incident cases 
of COPD, no.

356 238

IR of COPD per 
1,000 
patient-years

2.07 1.31 1.58 
(1.34–1.87)

* COPD = chronic obstructive pulmonary disease; RA = rheumatoid
arthritis; IRR = incidence rate ratio; 95% CI = 95% confidence inter-
val; IR = incidence rate. 
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reveals that RA individuals had a greater incidence of COPD hos-
pitalizations than the general population, and that this difference 
was noticeable between the first and second year after the index 
date. The differences remained significant when cumulative inci-
dence curves were estimated adjusted for the competing risk of 
death (Figure 2B).

DISCUSSION

We have performed a retrospective cohort study of a popula-
tion-based cohort of all incident RA cases for the province of Brit-
ish Columbia, with matched controls from the general population, 

using administrative health data, to evaluate the risk of incident 
COPD. We found that individuals with RA had an increased risk 
of developing COPD relative to general population controls, with a 
65% increase in risk of COPD hospitalization in unadjusted analy-
ses, and a 47% increase after adjusting for potential confounders 
such as comorbidities and health services use at baseline. The 
increased risk relative to the general population was statistically 
significant in women (61% increase), but not in men, and was 
more pronounced in younger individuals. No clear pattern was 
identified when risk was evaluated according to RA duration. The 
risk remained increased in sensitivity analyses testing the COPD 
definition used, although the magnitude of the increased risk was 

Table 3. Risk of COPD in RA compared to general population controls, using multivariable PHM*

aHR (95% CI)† aHR (95% CI)‡ 

COPD in RA vs. general population 1.65 (1.40–1.94) 1.47 (1.24–1.74)
Multivariable PHM stratified by sex, RA vs. general 

population
Males 1.41 (1.07–1.85) 1.25 (0.95–1.66)
Females 1.80 (1.46–2.22) 1.61 (1.30–1.98)

Multivariable PHM stratified by age, RA vs. general 
population

<45 years 2.99 (0.95–9.41) 2.35 (0.73–7.57)
45–59 years 2.30 (1.53–3.46) 1.87 (1.23–2.83)
60–74 years 1.62 (1.25–2.09) 1.46 (1.12–1.90)
≥75 years 1.40 (1.08–1.82) 1.32 (1.01–1.72)

Multivariable PHM stratified by time after index date,  
RA vs. general population

<2 years 1.46 (1.00–2.14) 1.29 (0.88–1.90)
2–4 years 1.57 (1.12–2.19) 1.37 (0.98–1.92)
4–6 years 1.83 (1.31–2.56) 1.69 (1.20–2.39)
6–8 years 1.59 (1.04–2.44) 1.41 (0.91–2.19)
8–10 years 1.44 (0.87–2.37) 1.35 (0.81–2.26)
>10 years 2.52 (1.33–4.78) 2.33 (1.21–4.49)

PHM sensitivity analyses varying COPD definition, RA vs. 
general population

COPD code in ≥3 doctor visits 1.24 (1.12–1.38) 1.12 (1.01–1.25)
COPD code in any position in hospital data 1.57 (1.42–1.74) 1.42 (1.28–1.57)
Primary cause of death 1.22 (0.87–1.72) 1.07 (0.75–1.51)
Primary position in hospital data or ≥3 doctor visits or 

primary cause of death
1.33 (1.21–1.46) 1.20 (1.09–1.32)

PHM sensitivity analyses modeling potential confounding 
effect of smoking, RA vs. general population 

Prevalence 10%; OR 1.3 1.64 (1.39–1.93) 1.46 (1.24–1.73)
Prevalence 10%; OR 3.0 1.48 (1.25–1.75) 1.32 (1.11–1.56)
Prevalence 20%; OR 1.3 1.62 (1.38–1.92) 1.44 (1.22–1.71)
Prevalence 20%; OR 3.0 1.30 (1.09–1.54) 1.16 (0.98–1.38)

* COPD = chronic obstructive pulmonary disease; RA = rheumatoid arthritis; aHR = adjusted hazard ratio; 95% CI = 95% 
confidence interval; PHM = proportional hazards model; OR = odds ratio. 
† Stratified by age and sex. 
‡ Stratified by age and sex and adjusted for the following covariates: physician visits (no.), prior hospitalization, asthma, 
and use of cardiovascular drugs, in 1 year prior to index date. 



COPD RISK IN RA |      607

smaller when evaluating the risk of physician visits for COPD. The 
unavailability of smoking information in administrative data is a lim-
itation of our study. The risk remained elevated when the possible 
confounding effect of smoking was modeled, although the asso-
ciation did not quite reach statistical significance when modeling 
a combined 20% prevalence of smoking and an OR of COPD 
with smoking of 3.0. We hypothesize that the observed increased 
risk is due to the effect of inflammation, a key feature of RA. This 
hypothesis is based on emerging evidence that inflammation 
plays a role in the pathogenesis of COPD (5,7–15). However, our 
study was not designed to assess the role of inflammation.

The results of our study have notable implications for the clin-
ical care of RA and COPD. These results add to the body of liter-
ature suggesting that uncontrolled systemic inflammation is asso-
ciated with an increased risk of other medical conditions linked 
to inflammation, such as cardiovascular diseases and diabetes 
mellitus (35–38). This emphasizes the need for effective control of 
inflammation, not only to prevent joint damage, but also to prevent 
comorbidities, which might be better thought of as complications 
of RA inflammation (3,4,39). Clinicians and people living with RA 
should be aware of the increased risk of developing COPD and be 
vigilant in watching for early symptoms of COPD, so that appro-
priate diagnostic tests can be administered at the onset of early 

symptoms. Early detection of COPD is essential so that effective 
treatments can be initiated before irreversible damage to the lungs 
occurs, in order to improve long-term outcomes (40). Given the 
tremendous burden and cost of COPD (41), early detection has 
potential for cost saving to the health care system. Finally, our 
study emphasizes the need to address risk factors for COPD in 
people living with RA, providing further evidence of the importance 
of inquiring about smoking status, and offering smoking cessation 
support measures, during clinical encounters with RA patients.

Our results are consistent with the previous literature pub-
lished on this subject. Two cross-sectional studies have found an 
association between RA and prevalence of COPD (42,43). Bieber 
et  al found a 2-fold increase in the prevalence of COPD in RA 
patients receiving disease-modifying antirheumatic drugs com-
pared to general population controls in Israel, after adjusting for 
age, sex, socioeconomic status, smoking, and obesity (adjusted 
OR 1.98 [95% CI 1.77–2.21]) (42). A study from Norfolk, UK found 
a 2-fold increase in obstructive pattern on screening spirometry of 
421 RA patients compared to controls (43). Cross-sectional anal-
yses fail to inform us about the direction of causality. Given that 
COPD has been associated with increased production of a wide 
range of autoantibodies, including antibodies to citrullinated pro-
teins (10,15), the increased prevalence of COPD in RA observed 
in cross-sectional studies could be due to COPD predisposing 
to RA. Hence the need for longitudinal studies, such as ours, 
that evaluate the risk of incident COPD. Nannini et al found an 
increased risk of incident obstructive lung diseases (aHR 1.54 
[95% CI 1.01–2.34], adjusted for age, sex, smoking status, and 
alcoholism), which included COPD along with asthma, bronchi-
ectasis, obstructive bronchiolar disorders, and interstitial lung 
disease–associated airflow obstruction, in the RA population of 
Rochester (44). Of the 52 RA and 40 controls who developed 
obstructive lung diseases, 38 and 23, respectively, had COPD. 
Ursum et  al found an increased risk of new COPD diagnoses 
recorded in general practitioners’ electronic medical records for 
newly diagnosed patients with inflammatory arthritis (aHR 1.8, 
adjusted for age, sex, and number of prevalent comorbid con-
ditions) (45). Shen et al conducted a retrospective cohort study 
using National Health System data from Taiwan (46), including all 
incident RA cases issued a catastrophic illness certificate (enti-
tling patients to free medical care) (n = 28,725), with matched 
general population controls. Similar to our study, they found an 
increased risk of incident COPD hospitalization (IRR 1.74 [95% CI 
1.68–1.81] and aHR 1.85 [95% CI 1.70–2.01], adjusted for age, 
sex, calendar time, coronary artery disease, cerebral vascular 
accidents, and end-stage renal disease, but not smoking, esti-
mated at 35% in men and 4.1% in women in Taiwan). Although 
the absolute risk of COPD increased with age in RA and controls, 
the relative risk decreased with age, as in our study. Unlike our 
study, Shen et al found a similar risk in men and women. The dif-
ference may be related to high rates of smoking in Taiwanese men. 
Our study provides confirmation of the increased risk of incident 

Figure  2. A, Cumulative incidence of chronic obstructive 
pulmonary disease (COPD) hospitalizations in the rheumatoid 
arthritis (RA) cohort and the general population. Log rank test P < 
0.001. B, Cumulative incidence of COPD hospitalizations in the RA 
cohort and the general population, adjusted for the competing risk 
of death. Log rank test P < 0.001.

A

B
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COPD  hospitalization in an independent population. However, the 
 association between RA and COPD has yet to be demonstrated 
in a cohort with tobacco use history.

The main limitation of our study was the lack of information 
on smoking status, as well as dose and duration, as smoking is 
a known risk factor for both RA and COPD (47,48). However, we 
tested the robustness of our findings to the potential confounding 
effect of smoking in sensitivity analyses, and demonstrated that 
the increased risk of COPD would remain significant even if a sub-
stantial confounding effect of smoking was present. This was true 
for all combinations of smoking prevalence and COPD risk ORs, 
except when combining highest smoking prevalence (at 20%) and 
OR (3.0), where the results, although indicating an increased risk, 
did not quite reach statistical significance. However, the smoking 
prevalence rate modeled was superior to the 12.5% reported by 
a subsample of our RA cohort, and to the 16.2% British Columbia 
smoking prevalence rate (31). Other limitations of our study are 
those inherent to observational studies using administrative health 
data, including the potential effect of unmeasured or residual con-
founding, and uncertainty around diagnoses. Examples of known 
COPD risk factors unmeasured in administrative data include 
occupation, pollution, socioeconomic status, and infections 
(especially pneumonia, bronchiectasis, influenza). COPD hospi-
talization was identified using administrative hospital data rather 
than patient chart reviews. However, Canadian studies have found 
good agreement between COPD diagnoses in hospital discharge 
data and chart reviews (25,26). Yet, data on accuracy of COPD 
diagnoses specifically in RA are lacking and may differ from the 
general population due to potential misclassification from other 
obstructive lung diseases occurring more frequently in RA. We 
selected hospitalization for COPD as our primary outcome, to 
ensure that COPD diagnoses were clinically relevant events and 
to reduce the risk of detection bias. Alternate COPD outcomes 
(COPD in outpatient physician visits or COPD diagnoses in any 
position in hospitalization data) may be more prone to detection 
bias, as RA patients visit physicians and are hospitalized for rea-
sons other than COPD more frequently than general population 
controls, and may therefore be more likely to have a diagnosis of 
COPD recorded. Nonetheless, these COPD outcome definitions 
were evaluated in sensitivity analyses, and our results remained 
significant. It was surprising that the OR for the risk of COPD hos-
pitalization was higher than the OR for the risk of physician visits 
for COPD, given the detection bias we had anticipated. Potential 
explanations for this observation include that RA may be associ-
ated with greater severity of COPD, in addition to increased risk 
of COPD, due to ongoing inflammation, increasing the likelihood 
of requiring hospitalization. Other possibilities include that COPD 
patients who have RA may be more likely to be admitted for their 
COPD than non-RA patients with the same degree of COPD 
severity because of other comorbidities or treatment with immu-
nosuppressants, leading to a detection bias. Also, poorer accu-
racy of COPD diagnosis identified using physician visits would 

bias the results of the association toward the null, leading to a 
lower OR, as observed. Finally, physicians may be less likely to 
code a visit as COPD when seeing RA patients than the general 
population, because British Columbia physicians only provide 1 
diagnosis per visit for billing and may select RA, leading to under-
reporting of comorbidities, such as COPD.

Strengths of our study include the population-based nature 
of our sample, with randomly selected general population con-
trols, with complete capture of information on hospitalization and 
physician visits in a universal health care system; the large sample 
size and long followup (mean 7 years, maximum 14 years); and 
the longitudinal cohort design, allowing us to evaluate risk of inci-
dent COPD. However, the population of British Columbia is pre-
dominantly white (67.3% in 2011 census), limiting generalizability 
to populations of other ethnicities.

In conclusion, in our population-based RA cohort, individuals 
with RA had a 47% greater risk of COPD hospitalization than the 
general population. The increased risk of incident COPD in RA has 
now been confirmed in more than one population. This has impor-
tant clinical implications for clinicians and people living with RA, 
supporting the importance of controlling inflammation, of address-
ing COPD risk factors (e.g., smoking), and of testing for COPD at 
the early onset of symptoms. Further research is needed to under-
stand the underlying reasons for the increased risk and to explore 
the relationships between smoking, autoantibody production, 
and the risk of RA and COPD, in light of research showing that 
COPD is associated with increased production of a wide range of 
autoantibodies, including antibodies to citrullinated proteins (13).
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Limited Health Literacy and Patient Confusion About 
Rheumatoid Arthritis Patient Global Assessments and 
Model Disease States
Joel Hirsh,1 Patrick Wood,2  Angela Keniston,1 Mandy Peng,3 Sai Ramaswami,4 Liron Caplan,2  and 
Lisa Davis1

Objective. Patient global assessment visual analog scales (PGA- VAS) are widely used in rheumatoid arthritis (RA) 
practice and research, and low PGA- VAS scores are required for remission. Vulnerable patients with RA may have 
difficulty completing the PGA- VAS. There is limited information about both patients’ perceptions of PGA- VAS and 
how patients score VAS model disease states. The objective of this study was to understand the perspectives of 
vulnerable patients regarding PGA- VAS and model disease states.

Methods. We enrolled patients with RA at Denver Health (n = 300). Subjects completed the PGA- VAS in the 
Disease Activity Score in 28 joints and the Multidimensional Health Assessment Questionnaire and completed a 
questionnaire regarding these PGA- VAS. Subjects also scored remission, mild, moderate, and severe model disease 
states by VAS. We performed analyses by linear and logistic regression and by using summary statistics. Outcomes 
included whether subjects found the PGA- VAS confusing, whether subjects’ responses to the model disease states 
followed a natural progression (remission <mild <moderate <severe), and whether responses to the remission model 
would meet Boolean and Simplified Disease Activity Index–based remission criteria.

Results. Approximately 40% of subjects found the PGA- VAS confusing; lower health literacy and depressive 
symptoms were associated with finding them confusing. Less than 25% of subjects ranked the model disease states 
with natural progression and ranked the remission model at the threshold for remission; higher health literacy and 
income were associated with accomplishing these objectives.

Conclusion. Vulnerable patients perceive difficulty with PGA- VAS and do not reliably rate a model disease state 
VAS. These patients are potentially at risk for disease activity misclassification because of literacy and other barriers 
in completing VAS.

INTRODUCTION

Health literacy has been defined as “the degree to which 
individuals can obtain, process, and understand the basic health 
information and services they need to make appropriate health 
decisions” (1). A more nuanced conceptualization of health liter-
acy focuses not only on the patient’s skills, but also takes into 
account systems barriers and the complexity of health care deliv-
ery (2). Limited health literacy is widely prevalent; nearly one- half 

of adults in the US have limited health literacy. It is more common 
among the elderly and ethnic minorities (3) and has been asso-
ciated with poor health outcomes in several rheumatoid arthritis 
(RA) studies (4,5).

The patient global assessment of disease activity as mea-
sured by a visual analog scale (PGA- VAS) may not adequately 
capture vulnerable RA patients’ true disease activity (6). Patients 
with either limited health literacy or limited English proficiency have 
difficulty completing the PGA- VAS (7,8). Limited health literacy 
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has been shown to predict discrepancy between PGA- VAS and 
providers’ assessments of disease activity (9). In addition to the 
PGA- VAS having a high literacy burden (9), there may be confu-
sion regarding the wording of the PGA- VAS, the dimensions it is 
intended to capture, the time frame queried, and/or its numerical 
scale (6).

This potential confusion is concerning, given the prominent 
role the PGA- VAS plays in RA clinical practice and research tri-
als (10). Although the many different versions of the PGA- VAS 
are often not scored similarly by RA patients, a low PGA score 
is mandated to reach either low disease activity or remission, as 
recommended in current disease management guidelines (11,12). 
In fact, numerous studies have shown that the PGA- VAS score 
is often the sole reason that patients and research subjects do 
not meet criteria for remission, regardless of their literacy level 
(10,12,13). While there is an expanding amount of literature 
regarding the patient perspective on remission (14–17), little is 
known about patients’ attitudes regarding the PGA- VAS and how 
patients score remission model disease states.

To examine these areas, we performed a cross- sectional 
observational study at an academic safety- net rheumatology 
clinic in RA patients. Subjects completed a PGA- VAS in the 
Disease Activity Score in 28 joints (DAS28- PGA- VAS) and 
in the Multidimensional Health Assessment Questionnaire 
(MDHAQ- PGA- VAS) and answered a questionnaire about the 
PGA- VAS. We had participants demonstrate their ability to 
appropriately rank a set of model disease states by severity. 
In particular, we were interested in whether subjects found the 
PGA- VAS confusing, which aspects of the PGA- VAS posed 
difficulty, and whether subjects would have liked help com-
pleting the PGA- VAS. We hypothesized that many of our vul-
nerable subjects would find the PGA- VAS challenging and that 
sociodemographic variables, such as lower health literacy, 

would correlate with finding the PGA- VAS instrument prob-
lematic. We also hypothesized that these variables would be 
associated with the disease model states not having natural 
progression (appropriately ranking the remission <mild <mod-
erate <severe disease model states) and with the subjects 
scoring the remission model disease state above the thresh-
old for Boolean and Simplified Disease Activity Index (SDAI)–
based remission criteria.

MATERIALS AND METHODS

Study population. This was an observational cross- 
sectional health literacy study of 300 patients, performed at 
Denver Health, a safety- net hospital located in Denver, Colo-
rado. Patients who met the American College of Rheumatology 
(ACR) 1987 criteria for RA were recruited (18). We excluded 
prisoners, individuals with active psychosis, subjects age <18 
years, and patients with vision worse than 20/100, as mea-
sured by a Snellen eye chart. The subjects for this study were a 
convenience sample recruited on the day of a regularly sched-
uled patient visit from the Denver Health rheumatology clinic. 
Subjects received $10 to participate in the study. A bilingual 
(English and Spanish) research assistant recruited patients in 
a confidential workroom to ensure sensitivity and respect for 
individuals.

Questionnaires. PGA- VAS. Recruited subjects were 
asked to complete 2 written PGA- VAS by marking on a 100- mm 
VAS; the wording of the 2 PGA- VAS is the same as that found in 
the MDHAQ and DAS28 instruments (19,20). For the MDHAQ, 
the question asked: “Considering all the ways in which illness and 
health conditions may affect you at this time, please make an X 
on the line below to show how you are doing” with a left anchor of 
“very well” and a right anchor of “very poorly.” For the DAS28, the 
question asked: “Please make an X on the line below to show how 
active has your rheumatoid arthritis been during the past seven 
days” with the left anchor of “no disease activity” and the right 
anchor of “high disease activity.” Subjects were asked to evalu-
ate whether they found these PGA- VAS confusing, and if so, the 
particular reasons for their confusion. Eight options were given, as 
well as a free text field for “reasons not listed.” Subjects were also 
asked whether they would have liked help completing the PGA- 
VAS. Subjects provided their input regarding the MDHAQ version 
of the PGA before providing similar information about the DAS28 
version of the PGA.

Model disease states. We presented the subjects with 4 
model disease states that were structured to represent remis-
sion, mild, moderate, and severe disease activity, based on the 
McMaster Utility Measurement Questionnaire (21). Each model 
disease state included domains regarding engagement in ac-
tivities of daily living, personal care, anxiety related to the dis-
ease course, leisure activity, pain, and side effects of treatment, 

SIGNIFICANCE & INNOVATIONS
• A large number of our subjects found the patient 

global assessment visual analog scale (PGA-VAS) 
confusing and were unable to complete model 
disease states with natural progression (remission 
<mild <moderate <severe). Both of these findings 
were predicted by lower health literacy.

• Our study shows that the current PGA-VAS used in 
rheumatoid arthritis (RA) clinical practice and re-
search may not be understood by vulnerable pa-
tients and may impact their ability to achieve dis-
ease control as measured by current standards.

• Our results expand the science of patient-reported 
outcomes, health literacy, and RA remission in sev-
eral key areas. Our study is the first to investigate 
the patient’s perspective regarding the PGA-VAS 
questions and RA model disease states in a system-
atic and quantitative fashion.
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followed by a horizontal 100- mm VAS with the left anchor of 
“very well” and the right anchor of “very poorly.” The instructions 
asked the subject to “please indicate with a vertical mark on the 
line how you would rate your health if this is what your arthritis 
was like” (see Supplementary Figure 1, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23692/abstract).

Demographic information and tests of functional health lit-
eracy. Patients self- reported their primary language, age, sex, 
ethnicity, race, marital status, highest level of education com-
pleted, and annual household income. We assessed functional 
health literacy using the modified Short Test of Functional Health 
Literacy in Adults (S- TOFHLA), which is validated in English and 
Spanish. This is a 12- minute procedure that contains 2 reading 
comprehension sections about medical subjects and 4 ques-
tions assessing numeracy. Respondents attempt to select the 
correct missing words in incomplete paragraphs. Inadequate 
health literacy was defined as a total score of ≤53, and marginal 
health literacy was defined as 54–66, with a maximum score of 
100 (22). Subjects also completed a single- item health literacy 
screening question, which assessed participants’ confidence in 
filling out medical forms (“How confident are you filling out medi-
cal forms by yourself?” with possible answers of extremely, quite 
a bit, somewhat, a little bit, and not at all) (23).

Depressive symptoms. Subjects completed a 2- question 
Patient Health Questionnaire 2 (PHQ- 2) screening test for de-
pressive symptoms (24). A positive result for depressive symp-
toms was defined as a score of 3 or greater on a scale of 0–6.

Order of instrument completion. The instruments were com-
pleted in the following order: demographic/background form, 
single- item health literacy screening, S- TOFHLA, PHQ- 2, and mod-
el disease states. The PGA- VAS and their accompanying question-
naires were completed either prior to the S- TOFHLA or prior to the 
model disease states. Subjects completed the MDHAQ question-
naire version of the PGA before the DAS28 version of the PGA.

Outcomes and statistical analysis. Using descriptive 
statistics, we tabulated subjects’ responses to whether they 
found the PGA- VAS confusing, whether they wanted help, and 
reasons for the confusion. We used McNemar’s test to determine 
differences between participants’ responses to the questions 
regarding MDHAQ- PGA- VAS and DAS28- PGA- VAS.

We modeled age and S- TOFHLA as continuous scores and 
the other variables as binary variables. Binary variables included 
education level (less than high school versus high school degree, 
equivalent, and beyond), a positive depression screen, income 
level (<$15,000 per year [the federal poverty level] or ≥$15,000 
per year), primary English versus primary Spanish speaker, and 
the single- item health literacy screening response. Responses 
on the health literacy screening of “somewhat” and below were 
classified as not confident in their ability to fill out forms, as recom-
mended by Wallace et al (23). We modeled education level as a 
binary variable due to the data distribution.

We performed regression analyses to determine which clin-
ical features predicted confusion with each version of PGA- VAS. 
We performed a similar set of regression analyses to determine 

Table 1. Population demographics*

Variable Subtotals Total, no. Mean ± SD (min., max.)

Age, years 300 (100) 300 53.15 ± 12.7 (18.4, 79.8)
Male 69 (23) 300 –
Education

<High school 118 (39.86) 296 –
≥High school 178 (60.14) 296 –

Annual income >federal poverty level† 81 (27.18) 298 –
S- TOFHLA total score 292 (100) 292 77.55 ± 23.5 (8, 100)
S- TOFHLA categories

Inadequate health literacy (0–53) 54 (18.49) 292 –
Marginal health literacy (54–66) 30 (10.27) 292 –
Adequate health literacy (67–100) 208 (71.23) 292 –

Primary Spanish speaker 84 (28) 300 –
Confident in filling out medical forms 181 (60.33) 300 –
Depression screen positive 71 (23.99) 296 –
MDHAQ- PGA- VAS 260 (100) 260 40.13 ± 30.2 (0, 100)
DAS28- PGA- VAS 256 (100) 256 49.58 ± 33.5 (0, 100)

* Values are the number (%) unless indicated otherwise. S- TOFHLA = Short Test of Functional Health Literacy in Adults;
MDHAQ- PGA- VAS = Multidimensional Health Assessment Questionnaire version of the patient global assessment 
visual analog scale; DAS28- PGA- VAS = Disease Activity Score in 28 joints version of the PGA- VAS. 
† ≥$15,000 per year. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23692/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23692/abstract
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predictors of the participant desiring help in completing the ver-
sions of the PGA- VAS. We considered P values less than 0.05 
significant in the multivariable analyses.

In our evaluation of subjects’ responses to the model disease 
states, we ascertained whether the VAS was completed, and if so, 
whether the response was numerical, and whether the responses 
followed natural progression. We classified responses such as 
circling of anchors, writing words on the VAS- line, etc., as non- 
numerical (for an example of non- numerical responses, see Sup-
plementary Figure 2, available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23692/
abstract). Once a response was classified as numerical, we deter-
mined whether the participant’s response to the models followed 
a natural progression, meaning that the subject scored the model 
disease states in this order: remission < mild < moderate < severe.

Subjects’ responses to the remission model were then clas-
sified according to 2 definitions of remission. The Boolean defi-
nition of remission requires that the remission model be scored 
≤10 mm on the VAS (25) while the SDAI definition of remission 
requires that the remission model be scored ≤33 mm on the 
VAS (25).

We then performed regression analyses to determine 
predictors of the patients scoring the model disease states 
in a natural progression. We also performed a separate set 
of regressions to determine the predictors of the respondents 
scoring the model disease states with natural progression 
AND scoring the remission model to satisfy Boolean or SDAI 
definitions of remission. We considered P values less than 
0.05 significant in the multivariable regression. Missing data 
resulted in the observation being excluded. We performed all 
analyses using Stata software, version 12. The Colorado Mul-
tiple Institutional Review Board approved our study. Subjects 
signed consents and provided authorization to disclose health 
information.

RESULTS

Participant characteristics. A total of 337 patients 
who met ACR 1987 criteria for RA and spoke either En glish 
or Spanish were screened for the study. Fifteen patients 
were excluded due to complete functional illiteracy. Fourteen 
patients declined to participate in the study due to personal 

Table 2. Subjects’ perspective regarding PGA- VAS questions*

Question

MDHAQ- PGA- VAS DAS28- PGA- VAS

PNo Yes No Yes

Anything about the PGA- VAS 
confusing? 

66 (48.2) 71 (51.8) 79 (57.7) 58 (42.3) 0.011

Would you have liked help complet-
ing the question?

102 (70.8) 42 (29.2) 109 (75.7) 35 (24.3) 0.092

Reasons for confusion
The words are hard to understand 116 (84.7) 21 (15.3) 124 (90.5) 13 (9.5) 0.022†
It is hard for me to tell what 

medical condition (rheumatoid 
arthritis, pain disorder, other 
condition) is affecting me or 
causing me to feel the way I do

114 (83.2) 23 (16.8) 111 (81.0) 26 (19.0) 0.648

It is not clear what time period the 
question is asking about

118 (86.1) 19 (13.9) 124 (90.5) 13 (9.5) 0.180

The way in which my rheumatoid 
arthritis affects me changes so 
much over time that it is difficult 
to answer this question

108 (78.8) 29 (21.2) 111 (81.0) 26 (19.0) 0.664

It is unclear how to interpret the 
anchors‡

119 (86.9) 18 (13.1) 119 (86.9) 18 (13.1) 1.000

It is unclear if this is about my 
rheumatoid arthritis only or 
general health

112 (81.8) 25 (18.2) 121 (88.3) 16 (11.7) 0.035†

The numbers don’t make sense 130 (94.9) 7 (5.1) 129 (94.2) 8 (5.8) 1.000
It isn’t clear what the line is for 121 (88.3) 16 (11.7) 126 (92.0) 11 (8.0) 0.227

* Values are the number (%) unless indicated otherwise. MDHAQ- PGA- VAS = Multidimensional Health Assessment Questionnaire version of
the patient global assessment visual analog scale; DAS28- PGA- VAS = Disease Activity Score in 28 joints version of the PGA- VAS. 
† Significant. P values represent comparison of MDHAQ- PGA- VAS and DAS28- PGA- VAS using McNemar’s test. 
‡ MDHAQ- PGA- VAS anchors: It is unclear how to interpret “Very well” and “Very poorly”; DAS28- PGA- VAS anchors: It is unclear how to inter-
pret “No disease activity” and “High disease activity.” 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23692/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23692/abstract
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preference. Six patients were ineligible related to uncontrolled 
psychiatric disease. Two patients were excluded because 
of severe visual, hearing, or speech impairments, producing 
a study cohort of 300 subjects. The 300 subjects were pre-
dominantly women (77%), had a mean age of 53 years, and 
were primarily English- speaking (72%). Approximately 64% 
had completed high school or less. Twenty- eight percent of 
subjects had either inadequate (18%) or marginal health liter-
acy (10%). Sixty percent of participants felt confident in filling 
out medical forms as defined by their response to the single- 
item health literacy screening. Approximately one- fourth of the 
respondents (24%) scored positive for depressive symptoms 
on the PHQ- 2 (24). Table 1 shows demographic characteristics 
of the study population.

PGA- VAS questionnaires. Results of the subjects’ per-
spective regarding the PGA- VAS questions are shown in Table 2. 
Approximately 50% of subjects did not check a single box nor did 
they leave a comment on the questionnaire regarding potential 
PGA confusion. Fifty- two percent of responding subjects found 
the MDHAQ- PGA- VAS confusing, while 42% of responding sub-
jects found the DAS28- PGA- VAS confusing (P = 0.011). Despite 
this result, there was not a significant difference in individuals 
who would have liked help responding to the MDHAQ- PGA- 
VAS versus the DAS28- PGA- VAS (P = 0.092). Other significant 
differences between the 2 instruments included the wording 
being hard to understand (9% for the DAS28- PGA- VAS versus 
15% for the MDHAQ- PGA- VAS; P = 0.022), and lack of clarity 
whether the question was regarding RA or general health (12% 
for the DAS28- PGA- VAS versus 18% for the MDHAQ- PGA- VAS; 
P = 0.035).

Respondents provided many explanations for their confu-
sion. The most frequently selected reasons for both versions of 
the PGA were “The way in which my rheumatoid arthritis affects 
me changes so much over time that it is difficult to answer this 
question,” and “It is hard for me to tell what medical condition 
(rheumatoid arthritis, pain disorder, other condition) is affecting me 
or causing me to feel the way I do.”

We performed a multivariable regression analysis to 
determine which demographic features predicted finding the 
PGA- VAS confusing (Table 3). For both versions of the PGA- 
VAS, a positive depression screen was a significant predictor 
for confusion. Spanish- speakers were more likely to want help 
completing the MDHAQ- PGA- VAS, while males and those with 
higher S- TOFHLA scores or higher education levels expressed 
a need for help less frequently for both versions of the PGA- 
VAS (Table 4).

Model disease states. Of the 300 subjects, 10% (n = 
31) did not attempt to complete the model disease states, 
16% (n = 47) attempted to complete them but did so in a non- 
numerical manner, 49% (n = 146) completed them in a manner 

that did not have natural progression, and only 25% (n = 76) 
completed them in a numerical manner with natural progres-
sion. The mean ± SD millimeters on a 100- mm VAS for those 
without natural progression for the remission, mild, moderate, 
and severe models was 47 ± 36, 50 ± 32, 50 ± 34, and 47 ± 
37, respectively. For those with natural progression, the mean 
± SD was 6 ± 13, 30 ± 19, 61 ± 19, and 92 ± 13, respectively. 
Predictors of a patient’s disease model states having natural 
progression included income above the federal poverty line (P 
= 0.033) and having a higher S- TOFHLA score (P = 0.001) 

(Table 5).

Table  3. Predictors of finding the PGA- VAS confusing, by 
multivariable logistic regression*

Variable OR (95% CI) P

MDHAQ- PGA- VAS
Age, years 1.02 (0.99–1.06) 0.241
Male 0.73 (0.30–1.78) 0.490
Education ≥high 

school
0.62 (0.24–1.62) 0.327

Annual income  
>federal poverty 
level† 

1.22 (0.54–2.79) 0.634

S- TOFHLA total score 0.98 (0.96–1.00) 0.126
Primary Spanish 

speaker
1.19 (0.42–3.36) 0.748

Confident in filling 
out medical forms

0.82 (0.33–2.00) 0.656

Depression screen 
positive

2.72 (1.15–6.41) 0.022‡

DAS28- PGA- VAS
Age, years 1.01 (0.98–1.05) 0.419
Male 0.54 (0.21–1.40) 0.207
Education ≥high 

school
0.37 (0.14–1.00) 0.049‡

Annual income  
>federal poverty 
level†

1.75 (0.70– 4.34) 0.228

S- TOFHLA total  
score

0.98 (0.96–1.00) 0.077

Primary Spanish 
speaker

1.02 (0.34–3.03) 0.976

Confident in filling 
out medical  
forms

0.55 (0.21–1.39) 0.206

Depression screen 
positive

3.51 (1.42–8.70) 0.007‡

* PGA- VAS = patient global assessment visual analog scale; OR = 
odds ratio; 95% CI = 95% confidence interval; MDHAQ- PGA- VAS = 
Multidimensional Health Assessment Questionnaire version of the 
PGA- VAS; S- TOFHLA = Short Test of Functional Health Literacy in 
Adults; DAS28- PGA- VAS = Disease Activity Score in 28 joints version 
of the PGA- VAS. 
† ≥$15,000 per year. 
‡ Significant. 
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Remission model disease state. Considering all sub-
jects, only 22% (n = 67) completed the models in such a way 
that the models had natural progression and the remission 
model disease state scored within the Boolean criteria for remis-
sion, while 24% (n = 73) completed the models with natural pro-
gression and the remission model disease state scored within 
the SDAI remission criteria.

We performed multivariable regression analyses to deter-
mine which demographic features predicted natural progression 
of the model disease states and ranking of the remission model 
disease state at the Boolean and index- based thresholds for 
remission. Higher S- TOFHLA (P = 0.001) was associated with 

ranking the model disease states with natural progression and 
meeting both Boolean and SDAI criteria for remission (Table 6), 
while income above the federal poverty line was predictive for 

the SDAI criteria with natural progression only (P = 0.009).

DISCUSSION

Our primary hypothesis was confirmed. We demonstrated 
that approximately one- half of the subjects in our safety- net 
academic rheumatology clinic find the PGA- VAS confusing, 
and that many would like help completing these instruments. 
The most frequently selected reasons for PGA- VAS confusion 
were the variability in RA symptoms and the lack of certainty 
regarding whether RA was driving symptoms. Limited health 
literacy and a positive screen for depressive symptoms were 
the strongest predictors of finding the PGA- VAS confusing. 
In addition, only approximately 1 in 4 subjects completed 
the remission disease model with natural progression and 
within remission by Boolean or SDAI remission criteria. Higher 
incomes and health literacy predicted such completion of the 
remission model disease state.

These results expand the science of patient- reported out-
comes, health literacy, and the study of RA remission in several 
key areas. This study is the first, to our knowledge, to systemati-
cally and quantitatively investigate the patient perspective regard-
ing the PGA- VAS questions and RA model disease states. Thus, 
while it is unknown how these data compare to those in higher 
socioeconomic or health literacy populations, we have also added 
to the understanding of how literacy burdens may limit the valid-
ity and reliability of instruments used to collect patient- reported 
 outcome measures (PROMs) in certain populations. In  particular, 

Table  4. Predictors of wanting help with the PGA- VAS, by 
multivariable logistic regression*

Variable OR (95% CI) P

MDHAQ- PGA- VAS
Age, years 1.04 (1.00–1.08) 0.069
Male 0.24 (0.07–0.79) 0.019†
Education ≥high 

school
1.05 (0.36–3.10) 0.924

Annual income 
>federal poverty 
level‡

0.88 (0.32–2.44) 0.802

S- TOFHLA total 
score

0.97 (0.95–0.99) 0.015†

Primary Spanish 
speaker

3.25 (1.01–10.53) 0.049†

Confident in filling 
out medical forms

0.39 (0.14–1.10) 0.075

Depression screen 
positive

0.82 (0.28–2.38) 0.717

DAS28- PGA- VAS
Age, years 1.03 (0.99–1.08) 0.190
Male 0.24 (0.06–0.86) 0.028†
Education ≥high 

school
0.45 (0.15–1.36) 0.157

Annual income 
>federal poverty 
level‡

0.75 (0.24–2.30) 0.609

S- TOFHLA total 
score

0.97 (0.95–1.00) 0.021†

Primary Spanish 
speaker

2.40 (0.74–7.78) 0.146

Confident in filling 
out medical forms

0.49 (0.17–1.45) 0.200

Depression screen 
positive

0.95 (0.30–2.95) 0.924

* PGA- VAS = patient global assessment visual analog scale; OR = 
odds ratio; 95% CI = 95% confidence interval; MDHAQ- PGA- VAS = 
Multidimensional Health Assessment Questionnaire version of the 
PGA- VAS; S- TOFHLA = Short Test of Functional Health Literacy in 
Adults; DAS28- PGA- VAS = Disease Activity Score in 28 joints version 
of the PGA- VAS. 
† Significant. 
‡ ≥$15,000 per year. 

Table  5. Predictors of model disease states having natural 
progression by logistic regression*

Variable OR (95% CI) P

Age, years 1.00 (0.97–1.02) 0.867
Male 0.68 (0.31–1.46) 0.320
Education ≥high 

school
2.14 (0.88–5.24) 0.095

Annual income 
>federal poverty 
level†

2.00 (1.06–3.79) 0.033‡

S- TOFHLA total 
score

1.04 (1.02–1.06) 0.001‡

Primary Spanish 
speaker

1.08 (0.43–2.75) 0.867

Confident in filling 
out medical forms

1.25 (0.59–2.63) 0.558

Depression screen 
positive

0.58 (0.28–1.21) 0.144

* OR = odds ratio; 95% CI = 95% confidence interval; S- TOFHLA = 
Short Test of Functional Health Literacy in Adults 
† ≥$15,000 per year. 
‡ Significant. 
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the surprisingly low number of patients correctly classifying a 
remission model disease state has wide implications for clinical 
practice and research involving the use of model disease states 
to orient research subjects or patients to the domains that the 
PGA- VAS is intended to capture. It also raises the possibility of 
misclassification of disease activity based on PROMs in vulnerable 
populations, and more broadly, of how disease activity is classified 
according to PROMs.

These data should be interpreted within a historical context. 
The present prominent position of the PGA- VAS in remission 
classification is surprising, given its curious pedigree. The various 

versions of the PGA- VAS were not developed with patient input, 
nor were they validated with the systematic rigor that has helped 
forge more recently developed PROMs (26). Original publications 
regarding composite RA disease activity indices did not specify 
the question’s wording, time frame queried, or the content of the 
double anchors bracketing the VAS line (26). Although no guid-
ance was offered regarding standardized language for explaining 
to patients what exact domains the PGA- VAS is intended to cap-
ture, the ACR/European League Against Rheumatism remission 
criteria authors did attempt to alleviate some of this confusion 
by defining standard language and format for the question (25). 
Finally, no validated non- English language or low- literacy versions 
exist for the PGA- VAS (6,17,27).

The PGA- VAS has come into sharp focus in recent years, 
with data suggesting high rates of discordance with the evalu-
ator global assessment. In addition, ratings on this instrument 
are frequently responsible for patients not achieving defined 
remission states. Remission is also often influenced by which 
of the many versions of the PGA- VAS is presented to patients 
(11). Few data exist regarding RA patients’ perspective regard-
ing this instrument, but the Outcome Measures in Rheumatology 
(OMERACT) group has published valuable qualitative information 
about patients’ attitudes regarding the PGA- VAS instruments. 
Patient feedback regarding PGA- VAS has prompted sugges-
tions for more investigation regarding the wording of the PGA- 
VAS, anchoring, and the domains measured (19). Patients have 
also expressed an interest in greater understanding of how their 
mood influences the PGA- VAS and the overlap between the 
PGA and other PROMs (17,27). These data were gathered, but 
from a small number of patients about whom complete socio-
demographic data are not available. Our quantitative information 
about the PGA- VAS instruments from a diverse group of patients 
adds substantially to the literature regarding the patient perspec-
tive on PGA- VAS instruments.

Much has been learned recently regarding the patient per-
spective on remission in RA. Patients have identified pain, fatigue, 
and independence as the most important domains defining what 
remission feels like (14,15). Qualitative research has also clari-
fied that normality of work and family roles is paramount to our 
patients’ sense of what remission means (17,27,28). The remis-
sion model disease state used in our study incorporates these 
crucial domains identified by patients as being key to what “dis-
ease activity as good as gone” feels like, yet 20–25% of subjects 
still assigned this model disease state a score above the thresh-
old for either Boolean or index- based remission. This finding is 
consistent with data from OMERACT that patients who identified 
themselves as being in remission had a mean PGA- VAS score of 
15 mm (15).

Model disease states have been used in research studies 
to orient patients to different RA disease activity states, prior to 
patients giving their ranking of their own disease activity (21,29). 
Patients have not previously been asked to provide their ranking 

Table 6. Predictors that patients’ disease model states will have 
natural progression and the remission model will be within remission 
criteria, by logistic regression*

Variable OR (95% CI) P

Boolean remission 
criteria

Age, years 1.00 (0.97–1.02) 0.792
Male 0.53 (0.23–1.23) 0.142
Education ≥high 

school
2.49 (0.92–6.77) 0.073

Annual income 
>federal poverty 
level†

1.94 (1.00–3.79) 0.051

S- TOFHLA total 
score

1.05 (1.02–1.07) 0.001‡

Primary Spanish 
speaker

0.78 (0.28–2.20) 0.643

Confident in filling 
out medical forms

1.18 (0.53–2.64) 0.680

Depression screen 
positive

0.62 (0.29–1.34) 0.225

SDAI remission 
criteria

Age, years 1.00 (0.97–1.02) 0.746
Male 0.60 (0.27–1.32) 0.206
Education ≥high 

school
1.90 (0.77–4.69) 0.167

Annual income 
>federal poverty 
level†

2.39 (1.25–4.57) 0.009‡

S- TOFHLA total 
score

1.04 (1.02–1.06) 0.001‡

Primary Spanish 
speaker

0.77 (0.29–2.01) 0.592

Confident in filling 
out medical forms

1.22 (0.57–2.62) 0.600

Depression screen 
positive

0.64 (0.31–1.35) 0.246

* OR = odds ratio; 95% CI = 95% confidence interval; S- TOFHLA =
Short Test of Functional Health Literacy in Adults; SDAI = Simplified 
Disease Activity Index. 
† ≥$15,000 per year. 
‡ Significant. 
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of the model disease states, nor has analysis been performed 
regarding predictors of scoring the remission model disease 
state at the remission thresholds. Our data are notable in that 
approximately 75% of subjects were unable to score the model 
disease states with natural progression. Applicability of model 
disease states as a measure of increasing the performance of 
PROMs may therefore be limited in vulnerable populations. We 
favor a mechanistic explanation by which the use of model dis-
ease states in VAS format may, inadvertently, serve as a stress 
test, or a surrogate marker, for limited health literacy. Implemen-
tation of model disease states in an attempt to orient patients in 
the completion of the PGA- VAS should be done with the particu-
lar needs of vulnerable patients in mind. In our data, the single- 
item health literacy screening was not associated with predicting 
either confusion or wanting help with completing the PGA- VAS, 
so more investigation regarding particular tools for identifying 
those who want or need more help with filling out PGA- VAS is 
warranted.

This study has several limitations. Its cross- sectional design 
does not permit us to determine whether the sociodemographic 
variables were causally associated with findings regarding the 
PGA- VAS or model disease states. Limited health literacy is 
possibly a proxy for a factor inadequately controlled for in our 
regression analysis, such as education or income level, which we 
capture only as categorical variables. We did, however, examine 
a large number of additional variables that may influence health 
literacy, including sex, age, positive screening for depressive 
symptoms, and language. Because we did not want to influence 
patient response through subtle prompts, we deliberately gave no 
guidance to patients with regard to completion of the model dis-
ease states, so inverse completion of the model disease states is 
possibly a threat to validity. However, we reviewed the model dis-
ease state responses and found only 4% of patients who scored 
the model disease states in inverse order. That nearly half of the 
respondents left the questionnaire regarding potential PGA- VAS 
confusion blank may reflect either the literacy burden or mediocre 
design of the questionnaire and would result in us underestimating 
our subjects’ negative opinions regarding the PGA- VAS. Addition-
ally, due to depressive symptoms not being the focus of the study, 
we did not include the PHQ- 9 for those who screened positive for 
possible depressive symptoms using the PHQ- 2.

Another possible limitation of our study is that we did not use 
disease control or the patients’ classification of their own disease 
activity as inclusion or exclusion criteria. Variation in the subjects’ 
own disease control possibly influenced their interpretation of 
the model disease states. However, this variation was not a likely 
source of bias, because no correlation was found between the 
subjects’ PGA- VAS scores and the score they assigned to the 
remission model disease state. An additional possible limitation 
is that we did not attempt to create low- literacy versions of the 
model disease states. The model disease states were mildly 
complex with an average Flesch- Kincaid reading grade level of 

7.7. Using the accepted forms of the model disease states also 
provides more valuable information about the viability of using 
the accepted model disease format to orient patients to differ-
ent states of disease control. The results of our study support 
the validation model disease states that are more widely under-
standable by diverse groups of patients. While we cannot rule 
out the idea that the validity of the study could be impacted by 
“form fatigue,” or the inattention to the completion of forms, in 
many ways this possibility mirrors real life, because we as provid-
ers give our patients forms and expect them to complete those 
forms with attention to detail.

With regard to strengths, our study included a broad range 
of patients in terms of sex, age, and literacy skills, typical of an 
urban public health hospital in the US. These results likely have 
external validity when applied to other diverse populations but 
may not apply to more homogenous subpopulations. Our findings 
represent novel areas of inquiry that add insight regarding which 
patients are likely to be confused by the PGA- VAS and regard-
ing what specific VAS elements engender confusion. This crucial 
information directs investigators and clinicians toward specific 
concerns to alleviate confusion.

Debate is ongoing about the future of the PGA- VAS in RA 
remission criteria. Proposals include removing the PGA- VAS 
from remission criteria (30), using model disease states to orient 
the patients to a standard of comparison similar to that used by 
providers (31), using patient- reported outcomes that capture the 
patient perspective of remission to either replace or augment the 
PGA- VAS (14), or to raise the PGA- VAS remission target to a 
more forgiving level (14). In light of these controversies, our data, 
which question the validity of model disease state ratings and 
difficulties in VAS completion for those of limited health literacy 
and with possible mental health issues, are particularly valuable 
and add urgency to the growing sense that the PGA- VAS needs 
to be re- examined as a criterion of remission (29). In addition to 
informing this debate, our findings underscore, for both provid-
ers and researchers, that interpretation of PGA- VAS instruments 
is more complex than sometimes appreciated, particularly in 
the care of vulnerable populations. Finally, we believe that if the 
PGA- VAS is to be kept as a key component of all RA disease 
activity indices, it should be made less confusing in terms of its 
wording, clarification of its target dimensions, and reduction of 
its literacy and numeracy burdens. Additionally, guidance and 
standardization are needed for the instructions and explanations 
provided to patients requiring help completing it.
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Pragmaticism of Randomized Controlled Trials of Biologic 
Treatment With Methotrexate in Rheumatoid Arthritis: 
A Systematic Review
May Y. Choi,1  Cheryl Barnabe,2  Claire E. Barber,2 Vivian Bykerk,3 Janet E. Pope,4 and Glen S. Hazlewood2

Objective. Randomized controlled trials (RCTs) exist along a spectrum, from explanatory, designed to evaluate in-
terventions under ideal conditions, to pragmatic, designed to reflect usual care. This study assessed the pragmatism 
of RCTs of advanced therapeutics in rheumatoid arthritis (RA).

Methods. A systematic review was conducted to identify RA RCTs comparing biologic or targeted synthetic ther-
apy in combination with methotrexate, to placebo or any other disease- modifying antirheumatic drugs (DMARDs). Tri-
als were rated using the Pragmatic Explanatory Continuum Indicator Summary- 2 (PRECIS- 2) tool in 9 domains, each 
rated from 1 (very explanatory) to 5 (very pragmatic). Latent class and regression analyses examined the  heterogeneity 
in PRECIS- 2 scores and the relationship to trial characteristics.

Results. In total, 96 trials were included. Eligibility, follow- up, and flexibility of delivery of the intervention were 
rated as explanatory, with mean ± SD PRECIS- 2 scores of 2.0 ± 0.7, 2.0 ± 1.1, and 2.1 ± 0.7, respectively, reflecting 
strict inclusion criteria, intensive follow- up, and rigid protocols. Studies were rated as pragmatic in setting (3.6 ± 1.5) 
because many were international, multicenter trials, and in primary analysis (4.1 ± 1.3), because most used intent- 
to- treat analyses. In latent class analyses, 2 groups were identified; the majority (74%) were rated as explanatory for 
most domains assessed. These trials had larger sample sizes, were more likely to be industry- funded, and enrolled 
patients with higher Disease Activity Score in 28 joints and Health Assessment Questionnaire disability index scores, 
but were less likely to be at high risk of bias.

Conclusion. RCTs of biologic DMARD treatment in combination with methotrexate for RA were rated as predom-
inantly explanatory, which may affect the generalizability of trial results to clinical practice.

INTRODUCTION

Therapeutic options for patients with rheumatoid arthritis (RA) 
have greatly expanded in the last 2 decades, with adoption of 
new interventions supported by the results of randomized con-
trolled trials (RCTs) demonstrating their efficacy and safety (1,2). 
The introduction of a new therapeutic agent is a highly regulated 
process, and trials are conducted under approved protocols to 
ensure robust data collection and to minimize the possibility of 
bias. A frequent criticism is that while these trials provide neces-
sary data on the efficacy and safety of treatments, they may not 
be reflective of how the treatment is typically applied in clinical 

practice (3). Inclusion and exclusion criteria may be more strict, 
study procedures more controlled, and follow- up more rigorous 
than in clinical practice (4). These factors may impact the general-
izability of the study results.

There is a growing interest in designing clinical trials to be 
more reflective of usual care. Trials can be viewed along a con-
tinuum. Explanatory trials are conducted in an ideal setting using 
highly selected participants and controlled and inflexible protocols 
to reduce bias. Pragmatic trials, on the other hand, are conducted 
to reflect how the intervention will be applied in practice. The Prag-
matic Explanatory Continuum Indicator Summary (PRECIS) tool 
and the updated PRECIS- 2 tool were designed to help trialists 
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consider this pragmatic- explanatory continuum when designing 
RCTs (4). PRECIS- 2 includes 9 domains that cover the selection 
of patients, setting, application of the interventions, follow- up pro-
tocol, outcome selection, and methods of analysis. Each domain 
is rated from 1 (very explanatory) to 5 (very pragmatic).

The objective of this study was to rate RCTs of biologic ther-
apy in combination with methotrexate for RA along the pragmatic- 
explanatory continuum, and determine the relationship between 
trial characteristics and results. By doing so, we hoped to clarify 
the currently available literature and propose recommendations 
for future RA trials.

MATERIALS AND METHODS

Inclusion and exclusion criteria. We included RCTs of 
at least 12 weeks duration available as English- language full- text 
publications that evaluated biologic disease- modifying antirheu-
matic drugs (bDMARDs: abatacept, adalimumab, certolizumab, 
etanercept, golimumab, rituximab, and tocilizumab) or tofac-
itinib (a targeted synthetic DMARD [tsDMARD]) in combination 
with methotrexate in adult patients with RA. The comparator 
could be placebo (with or without background methotrexate) or 
an active DMARD treatment for RA, including another bDMARD 
or tofacitinib, either alone or in combination with a  conventional 
synthetic DMARD (csDMARD); or any csDMARD monotherapy 
or combination of csDMARDs, including methotrexate, hydroxy-
chloroquine, sulfasalazine, leflunomide, intramuscular (IM) gold, 
azathioprine, or cyclosporine. Corticosteroids could be added 
to either the intervention or comparator in any formulation or 
dose.

We elected to include only trials in which, in 1 arm, bDMARD/
tofacitinib was administered with methotrexate, because this 
combination reflects the most frequent  clinical practice and was 
felt to provide an adequate sample of the majority of RCTs of 

advanced therapy. This decision also allowed us to leverage 
a completed systematic review and network meta- analysis to 
identify articles (see literature search below) (5,6). We purposely 
included few other restrictions in our eligibility criteria. Tofacitinib 
and bDMARDs were restricted to currently approved doses, 
but methotrexate could be given orally, or parenterally (subcu-
taneous or IM) and at any dose. Trials could include treatment 
changes or switches after the initial treatment, either by proto-
col or at the discretion of the investigator. We did not apply any 
exclusion criteria on the outcomes evaluated.

Literature search. Trials were identified from a system-
atic literature search that had been previously conducted for a 
network meta- analysis of methotrexate- based DMARD treat-
ments (5,6). This search was comprehensive up until January 
2016 of 9,817 records identified from published databases 
(Medline, Embase, and Cochrane Central), supplemented with 
hand searches of Cochrane reviews and meeting abstracts. 
The inclusion criteria for this prior review were, however, more 
restrictive than our current study. Specifically, for the current 
article, we were more liberal on the choice of comparator 
(allowing any DMARD combination) and use of cortico steroids, 
included strategy- based trials that permitted or required treat-
ment changes, and did not exclude studies based on the out-
come evaluated. We therefore rescreened records from our 
prior systematic review that had been excluded at either the 
title/abstract or full- text stage for any of these reasons; the 
reasons for exclusion had been previously recorded. Addition-
ally, to identify new trials, we conducted an updated literature 
search in Medline and Embase to June 20, 2017, using the 
same search terms from our prior review (5,6). The search 
included medical subject heading terms and keywords for 
“methotrexate” plus “RA” plus “randomized trial.” Two inde-
pendent reviewers (MYC, GSH) performed the rescreening of 
the records, with disagreements resolved through consensus.

Trial characteristics. We extracted relevant trial char-
acteristics to describe the studies and to evaluate a potential 
association with the PRECIS- 2 ratings. These characteristics 
included the year of publication, methotrexate dose (average 
across all arms), total sample size across all arms, funding sup-
port (industry funded, investigator funded, mixed), type of trial 
(comparison of treatment strategies versus specific interven-
tions), type of comparator (placebo only, active and placebo, 
active only), primary outcome, time point of primary outcome, 
percentage of patients completing the trial, and whether the trial 
met its primary end point. A trial was considered to have met 
its primary end point if there was statistical significance of the 
primary outcome for superiority trials or demonstration of non-
inferiority for noninferiority trials; if the hypothesis of the trial was 
unclear, the statistical significance of the primary outcome was 
recorded as missing.

SIGNIFICANCE & INNOVATIONS
• This is the first study to systematically evaluate the

pragmatism of trials for any rheumatic disease.
• Most randomized controlled trials were rated as

explanatory (very controlled conditions) or less 
generalizable to actual clinical practice, especially 
in the domains of eligibility, follow-up, and flexibili-
ty of delivery of the intervention. These differ ences 
are expected to maximize the ability to detect a 
treatment effect, and may thereby reduce the 
 generalizability of their findings.

• A smaller group of trials (26% of studies) that were
more pragmatic were also much more likely to be 
rated at a high risk of bias. This finding highlights 
the balance between internal and external validity 
when designing and conducting trials; ideally we 
should aim for both.



CHOI ET AL 622       |

Risk of bias. All trials were assessed for their risk of bias across 
each of the 7 domains of the Cochrane risk of bias tool (7). Based 
on these ratings, an overall risk of bias for the trial was assigned as 
high, unclear, or low. We used our prior risk of bias ratings for trials 
that were also included in our published systematic review (5,6). In 
this prior review, the risk of bias was assessed separately for dif-
ferent outcome categories (radiographic outcomes, withdrawals, 
all other clinical outcomes) because the risk of bias may differ for 
certain domains (e.g., blinding of assessors and incomplete out-
come data). For the purposes of this review, we used the ratings for 

 clinical outcomes. New trials were rated independently by 2 review-
ers (MYC, GSH), with disagreements discussed by consensus.

PRECIS- 2 ratings. The PRECIS- 2 tool includes 9 domains, 
each of which is rated from 1 (very explanatory) to 5 (very prag-
matic) (4). The tool is published with a toolkit with practical guid-
ance for ratings (4). We used this guidance to develop a scoring 
template with examples specific for RA trials, to improve the inter-
rater agreement and the interpretation of our ratings (see Table 1 
for a summary; for the final full scoring template, see Supple-

Table 1. PRECIS- 2 tool domains and rating examples*

Domain Definition Rating 1: highly explanatory Rating 5: highly pragmatic

Eligibility Who is selected to participate in the 
trial? 

Highly strict inclusion and 
exclusion criteria, e.g., tight 
restrictions around disease 
activity, prior medications used, 
comorbidities 

Broad inclusion criteria 
and very few exclusion 
criteria, e.g., any patient 
with RA for which the 
treatments are 
appropriate 

Recruitment How are participants recruited into 
the trial?

Highly intensive recruitment 
effort, e.g., patient monetary 
incentives, advertising

No specialized recruitment 
effort, e.g., recruit 
through regular 
appointment

Setting Where is the trial being done? Highly specialized setting of care, 
e.g., single- center study

Similar to usual setting of 
care, e.g., multinational, 
multiethnic studies

Organization What expertise and resources are 
needed to deliver the intervention?

Highly specialized and intensive 
organization, e.g., extensive 
additional resources and 
research staff required

Similar to organization in 
usual care, e.g., only the 
treating rheumatologist 
is required to conduct 
this trial

Intervention 
flexibility: delivery

How should the intervention be 
delivered?

Highly strict protocol in the 
delivery of intervention, e.g., 
strict criteria regarding drug 
administration, concurrent 
DMARDs/steroids allowed

Similar to usual protocol in 
the delivery of interven-
tion, e.g., left to the 
discretion of the 
rheumatologist

Intervention 
flexibility: 
adherence

What measures are in place to make 
sure participants adhere to the 
intervention?

Highly strict methods to increase 
adherence to therapy, e.g., tests 
to ensure compliance

Similar to usual encourage-
ment, e.g., no additional 
measures taken to 
ensure adherence

Follow- up How closely are participants followed 
up?

Highly intensive follow- up protocol 
that is different from usual care, 
e.g., monthly visits with exten-
sive data collection

Similar to usual follow- up, 
e.g., every 6–12 months 
for patients with 
established RA

Outcome How relevant is it to participants? Outcome has very minimal 
relevance to participant, e.g., 
laboratory marker

Outcome is of obvious 
relevance to participant, 
e.g., proportion of 
patients achieving 
remission/low disease 
activity

Analysis To what extent are all data included? Highly restricted analysis with 
multiple exclusion of data, e.g., 
per protocol analysis

Highly inclusive data 
analysis of all available 
data with no exclusion of 
patients from analysis, 
e.g., intent- to- treat 
analysis

* PRECIS- 2 = Pragmatic Explanatory Continuum Indicator Summary- 2; RA = rheumatoid arthritis; DMARDs = disease- modifying antirheu-
matic drugs. For the detailed scoring template, see Supplementary Appendix A, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
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mentary Appendix A, available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/
abstract). For example, for the domain of primary outcome, we 
agreed that we would assign the outcome of remission as 5 (very 
pragmatic), because this domain is the recommended goal of 
treatment (1). In contrast, the outcome of radiographic progres-
sion as a continuous variable was assigned a score of 2 (outcome 
has minimal relevance to the participant), because it is not typi-
cally formally quantified in clinical care. For eligibility criteria, we 
rated studies as more explanatory if the restrictions were beyond 
what would be considered as part of usual care; restrictions that 
were necessary for the interventions (e.g., drug contraindica-
tions) or clinical context of the trial (e.g., restricting prior DMARD 
use in a trial focused on evaluating treatments in DMARD- naive 
patients) did not impact our ratings. The scoring template was 
revised following a pilot of 5 trials by 2 independent raters (MYC, 
GSH). These 5 trials were then rescored using the final template 
(see Supplementary Appendix A,  available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/

acr.23620/abstract).
Two raters (MYC, GSH) performed the PRECIS- 2 ratings 

independently. In making the assessments, we reviewed the 

published article as well as other published study documents, if 
available, including trial registries. The scores of the 2 raters were 
averaged if the agreement was within 1 point, or discussed and 
resolved through consensus if the raters disagreed by >1 point. 
In some cases, the necessary information to inform the rating 
was not directly stated but could be inferred from the descrip-
tion of the trial. For example, we rated the organization domain 
as explanatory if the trial by its nature would require extensive 
organization to implement in practice, even if the details about 
the organization of the trial were limited. If the information was 
not reported or it could not be inferred, then it was scored as 
missing.

Data analysis. The interrater reliability for the PRECIS- 2 
scores was assessed by summarizing the extent and degree 
of  disagreement between the 2 reviewers, and calculating the 
 intraclass correlation coefficient (2,1) across all scores (8). The 
PRECIS- 2 ratings were summarized for each domain, and dis-
played on a PRECIS- 2 domain wheel, an approach recommended 
by PRECIS- 2 to display ratings graphically. Typically, these wheels 
are used for individual studies, but we used the same approach to 
display the mean of our ratings across all studies.

Figure 1. Flow chart of literature search results. RCT = randomized controlled trial.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
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We conducted latent class analyses to investigate the 
 heterogeneity of the PRECIS- 2 scores. Latent class analysis 
identifies patterns in data and estimates the probability that each 
trial belongs to an independent group (9). We fit a 2- class solu-
tion on the patterns of PRECIS- 2 scores for 7 of the 9  PRECIS- 2 
domains for which there were sufficient data available in the 
assessed trials. Trials were then assigned to the latent class 
for which they had the highest probability, and we examined 
the association between trial characteristics and latent class 
membership using univariate logistic regression, reporting the 
P value. Statistical analyses were performed using R statistical 
software, version 3.4.0 (www.r-project.org), except for latent 
class analyses, which were conducted using Stata software, ver-
sion 15.1, with the gsem command. All tests were 2- tailed and 
deemed significant at a P value less than 0.05. The protocol for 
this review was registered with PROSPERO in February 2017 
(CRD42017039962).

RESULTS

Search results and description of included studies. 
From 1,737 unique records, we identified 96 trials, including 37,373 
patients meeting our inclusion criteria (Figure 1). The patient and 
trial characteristics are shown in Table 2. The majority of the tri-
als were industry funded (79%), evaluated a specific therapeutic 
agent intervention (94%) as opposed to a treatment strategy, used 
American College of Rheumatology response criteria (10) as the 
primary outcome (54%), and met their primary outcome (76%). 
Trials were split between those with only a placebo comparator 
(46%), versus those with an active comparator. The mean ± SD 
baseline disease activity score was high, with a Disease Activity 
Score in 28 joints (DAS28) of 6.0 ± 0.7, and the mean disease 
duration was 5.6 ± 3.9 years. The risk of bias was rated as high in 

22% of the studies.

Interrater reliability of PRECIS-2 ratings. Working 
independently, the 2 raters had the same PRECIS- 2 rating 48% 
of the time, and were within 1 point 88% percent of the time. 
The remaining 12% of ratings required discussion, after which 
consensus was reached. In the cases where there were differ-
ences, they were not systematic; 48% of the time reviewer 1 
was higher than reviewer 2, and 52% of the time reviewer 2 was 
higher. The intraclass correlation coefficient across all domains 
was 0.74 (95% confidence interval [95% CI] 0.70–0.74), indicat-
ing good agreement.

PRECIS- 2 scores. The PRECIS- 2 scores for each domain 
are shown as a wheel in Figure 2 and with detailed ratings for each 
study in Supplementary Appendix B, available on the Arthritis Care 
& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23620/abstract. Information necessary to score the domains 
of recruitment and flexibility of adherence was missing from most 

study reports; scoring of those domains was only possible for 2 
and 13 studies, respectively.

The domains of eligibility, follow- up, and flexibility of delivery 
of the intervention were rated as explanatory, with mean ± SD 
PRECIS- 2 scores of 2.02 ± 0.69, 1.98 ± 1.12, and 2.12 ± 0.68, 
respectively. The low scores for the eligibility domain reflects the 

Table 2. Trial characteristics*

Characteristic Value

Year published, median 
(range)

2011 (1999–2017)

Age, years 51.9 ± 2.9
Percentage female 78.7 ± 7.6
Disease duration, years 5.6 ± 3.9
Baseline DAS28 6.0 ± 0.7
Baseline HAQ DI (0–3) 1.4 ± 0.2
Methotrexate dose ≥15 mg, 

no. (%)
51 (53.1)

Sample size 389 ± 326
Funding, no. (%)

Industry 76 (79)
Investigator 3 (3)
Mixed 12 (13)
Not reported 5 (5)

Trial type, no. (%)
Strategy 6 (6)
Intervention 90 (94)

Comparator, no. (%)
Placebo 44 (46)
Active and placebo 6 (6)
Active 46 (48)

Primary outcome, no. (%)
ACR response 52 (54)
DAS28 remission 17 (18)
Other 27 (28)

Week of primary outcome, 
median (IQR)

24 (16–48)

Patients who completed 
outcome, no. (%)

84.4 (11)

Met primary end point,  
no. (%)

Yes 73 (76)
No 21 (22)
Unclear 2 (2)

Risk of bias, no. (%)
Low 28 (29)
Unclear 47 (49)
High 21 (22)

* Values are the mean ± SD unless indicated otherwise. DAS28 =
Disease Activity Score in 28 joints; HAQ DI = Health Assessment 
Questionnaire disability index; ACR = American College of Rheuma-
tology; IQR = interquartile range. 

http://www.r-project.org
http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23620/abstract
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fact that many studies had strict restrictions on baseline dis-
ease severity and prior treatments. Often, prior DMARDs were 
washed- out, and only stable, low doses of corticosteroids were 
allowed prior to study entry. The low mean scores for follow- up 
reflect the fact that patient follow- up often required frequent 
 follow- up assessments and extensive data collection not typical 
in routine care. Similarly, many trials had little flexibility in delivery 
of the intervention, with respect to dosage changes or concom-
itant DMARDs, corticosteroids, or nonsteroidal antiinflammatory 
drugs (NSAIDs) allowed. Given the complexity of trial design, 
extensive organization was necessary for many trials, leading to 

more explanatory ratings for this domain (mean ± SD 2.41 ± 
0.88). Studies were more pragmatic in the domains of setting 
(3.59 ± 1.47), because many were international, multicenter tri-
als, and primary analysis (4.39 ± 0.71), because most studies 
used intent- to- treat analyses.

Heterogeneity in PRECIS- 2 scores. In the latent class 
analysis, we identified 2 distinct groups of clinical trials, which 
had statistically different mean PRECIS- 2 ratings across 4 of the 
7 domains: group 1 (more explanatory) and group 2 (more prag-
matic) (Figure 3). The first group included 74% of the trials and 

Figure 2. PRECIS- 2 wheel showing mean scores for PRECIS- 2 domains in the assessed studies. The PRECIS- 2 wheel is a visual presentation 
of the mean (SD) scores for each of the 9 domains rated on a scale from 1 (very explanatory) to 5 (very pragmatic). The means for the domains 
of recruitment and of flexibility: adherence may not be accurate due to a large number of missing data.

Figure 3. Average ratings for PRECIS- 2, with domains in trial groups defined through latent class analysis.
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82% of the total patients. Compared to group 2, this group of 
trials was more restrictive in eligibility criteria (mean PRECIS- 2 
scores of 1.90 [95% CI 1.74–2.05] versus 2.37 [95% CI 2.09–
2.64]), required more extensive organization to conduct the trial 
(2.15 [95% CI 1.97–2.33] versus 3.16 [95% CI 2.85–3.48]), and in 
particular had a much more explanatory approach to patient fol-
low- up (1.42 [95% CI 1.28–1.56] versus 3.62 [95% CI 3.37–3.88]). 
Also of note, although group 1 was more explanatory overall, it 
was rated as more pragmatic in the domain of setting (3.95 [95% 
CI 3.63–4.26] versus 2.56 [95% CI 2.01–3.10]), because these 
trials were often conducted across many different countries.

The association between selected trial characteristics and 
latent class membership (more explanatory or more pragmatic 
groups) is shown in Table 3. The group of trials that were more 
explanatory across several domains were more likely to be 
industry funded, enroll patients with higher baseline DAS28 and 
Health Assessment Questionnaire disability index scores, and be 
larger in size, and were less likely to be at a high risk of bias. 
There was also a trend toward earlier publication years in the 
first group of explanatory trials. The more pragmatic group of 
trials had a numerically higher proportion of patients completing 
the trial and were less likely to meet their primary end point, but 

these differences were not significant.

DISCUSSION

Through a systematic review and appraisal of nearly 100 
RCTs, we found that trials of bDMARDs/tsDMARDs with meth-
otrexate were, on average, highly explanatory across most 
domains of trial design and conduct. In particular, compared to 
usual care, the trials typically had stricter eligibility criteria, closer 
follow- up, and more rigid protocols for delivery of the interven-
tion. These differences are expected to maximize the ability to 
detect a treatment effect and may thereby reduce the generaliz-
ability of the trial findings.

Through latent class analyses, we identified a smaller 
group of trials that were more pragmatic but also more likely 
to be rated as having a high risk of bias. This finding highlights 
the challenging trade- off between internal validity (risk of bias) 
and external validity (generalizability) in trial design. In particu-
lar, pragmatic interventions are typically more complex and 
difficult to blind. Including blinded joint assessors may help 
reduce the risk of bias for disease activity outcomes. Other 
aspects of trial design, however, should be relatively inde-
pendent of the internal validity of the trial. For example, there 
is no reason why a trial cannot maintain a low risk of bias yet 
be pragmatic in its eligibility criteria, choose a primary out-
come that is highly clinically relevant, or allow more flexibility 
in co- interventions that are commonly used in routine practice 
(e.g., steroids, NSAIDs) but nearly always restricted in RA clin-
ical trials.

Clinical trials are designed with different purposes in mind, 
and greater pragmatism is not preferred in all situations. Trials 
may have a specific objective, such as evaluating the impact 
of early biologic use on magnetic resonance imaging find-
ings, an outcome that would be rated as more explanatory 
(11,12). In the early phases of drug development, it is essen-
tial to demonstrate the safety and efficacy of the treatment. 
This necessity requires a more explanatory approach to the 
protocol, with stricter protocols, closer follow- up, and often 
with more than 1 investigator involved to allow for blinding. 
Such design will require greater organization. Ideally, though, 
more pragmatic trials should follow. Clinical trial develop-
ment, particularly of novel therapeutics, occurs in a broader 
societal context, guided largely by drug regulatory agencies. 
Promoting more pragmatic trials could be facilitated through 
novel approaches, including registry- randomized designs, and 
private- public partnerships to fund them.

Strengths of our study include the large number of trials 
included and independent assessments of PRECIS- 2 ratings 

Table 3. Association between trial characteristics and latent class membership*

Characteristic Group 1 Group 2 P

Year of publication 2010 (2007–2013) 2012 (2011–2014) 0.055
Baseline DAS28, mean ± SD 6.21 ± 0.49 5.47 ± 0.78 <0.001
Baseline HAQ DI, mean ± SD 1.48 ± 0.22 1.29 ± 0.23 0.006
Sample size, mean ± SD 434 ± 322 263 ± 310 0.029
Industry funding only, % 90 62 0.004
Included an active comparator, % 49 68 0.11
Trial duration, weeks 24 (14–38) 26 (24–52) 0.51
Percentage of patients completing 

trial
83 (59–92) 90 (66–96) 0.089

Significant primary outcome, % 80 72 0.43
High risk of bias, % 13 48 <0.001

* Values are the median (interquartile range) unless indicated otherwise. DAS28 = Disease Activity Score in 28
joints; HAQ DI = Health Assessment Questionnaire disability index. 
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with good interrater reliability. The PRECIS- 2 ratings required 
subjective decisions, but we worked to standardize these across 
reviewers by developing a scoring template, which should 
increase the transparency of our scores to readers. A limitation 
of our review is that we only included trials where bDMARD/ 
tsDMARD therapy was administered with methotrexate. This 
decision allowed us to focus the scope of the search while ensur-
ing a broad representation of trials. Importantly, we applied few 
other exclusion criteria. Trials could include any co- interventions 
and treatment switches. Thus, we included key investigator- 
initiated trials such as the BeSt study (13), and other active- 
controlled (14–16) and strategy- based trials (17).

The original purpose of the PRECIS- 2 tool was to assist 
trialists to ensure their study design was suitable for their 
intended purpose (4). Here, we applied PRECIS- 2 ratings to 
published RCTs and summarized the scores across stud-
ies. While beyond the original purpose of the instrument, the 
PRECIS investigators felt this application of the tool would be 
relevant (4). One challenge with this approach is that the full 
trial protocol for each study was typically not available, despite 
our efforts to locate them in trial registries. This gap contrib-
uted to a high proportion of missing ratings for the domains 
of recruitment and adherence, which represents a limitation in 
the reporting of the published trials.

Other groups have raised concern over the generaliz-
ability of RCTs of biologic therapy in RA. Duran and Felson 
(18) in a systematic review identified suboptimal dosing of 
methotrexate in trials of biologic therapy and methotrexate. 
Several groups have demonstrated that patients in obser-
vational registries often do not meet entry criteria for RCTs, 
with the percentage of RCT- eligible patients ranging from 
4% (19) to 79% (20). Importantly, treatment response rates 
to anti–tumor necrosis factor therapy have been found to 
be lower in patients from observational studies who would 
have been ineligible for the RCTs (20–22), although benefits 
have still been shown in these ineligible patients (21). Our 
review expands on these prior analyses, by demonstrating 
the highly explanatory nature of most biologic therapy RCTs 
across many other aspects of clinical trial design beyond the 
eligibility criteria.

As our results show, there is a gap between the RA RCTs 
that are conducted and those that are required to inform prac-
tice. Moving forward, more pragmatic comparative effectiveness 
trials should be encouraged. The results from these more prag-
matic studies would help inform clinicians and patients about 
the relative benefits and risks of active treatments to improve 
informed choice and patient outcomes.
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Objective. In this proof- of- concept study, we sought to evaluate whether a value clarification tool enabling pa-
tients to view a set of rheumatoid arthritis (RA) treatment preference phenotypes could be used to support shared 
decision- making at the point- of- care.

Methods. We conducted a pretest/post test study. English- speaking patients with RA presenting to their sched-
uled outpatient visits were asked to participate. Visits for patients with active RA were transcribed. Shared decision- 
making components were measured using a quantitative coding scheme based on an established model of shared 
decision- making.

Results. Forty- six visits were included in the pretest and 40 in the post test phases. Providers offered more 
disease- modifying antirheumatic drugs (DMARDs) (2 or more) in the post test visits (60%) compared to the pretest 
visits (47.8%). Overall, more patients vocalized their values and/or preferences in the post test visits compared to 
the pretest visits for treatment escalation decisions including a choice of 1 new DMARD (90.9% versus 56.3%), 2 or 
more new DMARDs (95.8% versus 86.4%), as well as prednisone (87.5% versus 66.7%). Providers were also more 
likely to base their recommendations on patients’ values and/or preferences in the post test (100% of 6 visits) than 
the pretest (64.3% of 14 visits) phases during visits in which a recommendation was made. The mean ± SD length of 
the visit was 29.9 ± 11.6 minutes and 25.1 ± 10.7 minutes in the pretest and post test phases, respectively.

Conclusion. This study provides an early indication that a value clarification tool allowing patients to consider a 
set of preference phenotypes can support shared decision- making at the point- of- care without extending visit time.

INTRODUCTION

Prompt and aggressive treatment of early rheumatoid arthritis 
(RA) (1) and tight control of established RA (2) improve both short- 
term and long- term outcomes, thereby decreasing overall mor-
bidity and disability. Current American College of Rheumatology 
guidelines recommend that clinicians adopt a treat- to- target strat-
egy with the goal of achieving low disease activity or clinical remis-
sion (3). While escalation is recommended for the vast majority of 
patients who are not at target, treat- to- target recommendations 
do not explicitly endorse any specific intervention. Thus, treatment 
plans should be individualized based on mutual patient- clinician 

consideration of patient priorities, using shared decision- making, 
a process in which well- informed patients deliberate with providers 
about choices and arrive at a decision concordant with patients’ 
stated informed values and/or preferences (4).

Although no single definition for shared decision- making 
has been established, essential features of all models include 
information exchange followed by patient- physician delibera-
tion (5). Elwyn et  al (4) described a practical 3- step model for 
shared decision- making: create awareness that a choice exists 
(i.e., choice talk), provide decision support through discussion of 
options, including pros and cons (i.e., option talk), and discuss 
patient values and/or preferences and arrive at a shared decision 
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(i.e., decision talk). Shared decision- making improves patient- 
physician communication, increases patient satisfaction, and 
enables patients to feel more empowered to make difficult deci-
sions, which can result in more favorable health outcomes (6,7). 
Still, patient preferences for participating in decision- making vary, 
with some preferring to defer all responsibility to their physician (8) 
and others viewing themselves as the primary decision makers 
(9). In the vast majority of studies, however, most patients prefer 
a collaborative approach, wherein they are fully informed of their 
options, given the opportunity to state their values and goals, and 
arrive at a decision collaboratively with their physician (10).

Decision aids are widely recommended as a means to facili-
tate shared decision- making. Patients randomized to decision aids 
are better informed, more certain of their values, and more likely to 
play an active role in decision- making compared to controls (11). 
Yet, despite the widespread endorsement of the shared decision- 
making model, decision aids have not been effectively integrated 
into the health care system, and patients are rarely effectively 
engaged in the decision- making process. To improve uptake, 
some decision aids have been designed to be used by patients 
prior to the clinical encounter (12). This approach improves patient 
knowledge but has not been shown to influence choice behaviors 
for patients with chronic diseases such as RA. Thus, to date, no 
decision aids have been developed to improve shared decision- 
making for treat- to- target decisions at the point- of- care. In this 
proof- of- concept study, we sought to evaluate whether a value 
clarification tool enabling patients to view a set of RA preference 
phenotypes, derived from a large stated preference study, could 
be used to support shared decision- making at the point- of- care.

MATERIALS AND METHODS

Development of the value clarification tool. We 
generated a set of 5 preference phenotypes by applying latent 
class analysis to the stated preferences collected using a con-

joint analysis survey in a large group of RA patients. The mem-
bers of the largest group (38.4%) were affected most by the 
cost of medications, members of the second largest group 
(25.8%) were concerned about the risk of bothersome side 
effects, and members of the third largest group (18%) were 
most impacted by the onset of action and risk of serious infec-
tions. The 2 smallest groups were most concerned about the 
risk of very rare side effects (11.2%) and the route of adminis-
tration (6.6%) (13). Generation of the phenotypes is discussed 
elsewhere (13). We (CW and LF) subsequently developed an 
initial prototype of the value clarification tool to illustrate the 
set of preferences using lay terminology and familiar concepts 
(e.g., a star rating system). The tool, created in a paper bro-
chure form, describes the impact of 7 characteristics on patient  

SIGNIFICANCE & INNOVATIONS
• We developed a value clarification tool illustrating 

a set of rheumatoid arthritis treatment preference 
phenotypes.

• In a pretest/post test study, we found that the use 
of the tool increased the number of visits in which 
patients vocalized their values and/or preferences 
about potential treatment options, allowing more 
providers to base their recommendations on what 
mattered most to patients during visits in which a 
recommendation was made.

• This study supports the feasibility of using rheuma-
toid arthritis preference phenotypes at the point-
of-care to support shared decision-making.

Table 1. Choice talk*

Choices presented

Pretest 
phase 

(n = 46)

Post test 
phase 

(n = 40)

Choices not involving a new 
DMARD

7 (15.2) 5 (12.5)

 Dose escalation 6 (85.7) 4 (80)
 Change in route 0 1 (20)
 Dose escalation + change 

of route
1 (14.3) 0

Choices involving 1 new 
DMARD

16 (34.8) 11 (27.5)

 One new cDMARD to com-
plete triple therapy

2 (12.5) 0

 One new DMARD 13 (81.3) 10 (90.9)
 Dose escalation + 1 new 

cDMARD
1 (6.3) 1 (9.1)

Choices involving 2 or more 
new DMARDs

22 (47.8) 24 (60)

 2 or more new DMARDs 15 (68.2) 14 (58.3)
 2 new cDMARDs to com-

plete triple therapy
1 (4.5) 0

 New cDMARDs to com-
plete triple therapy vs. 
new bDMARDs

1 (4.5) 2 (8.3)

 Dose escalation vs. 2 new 
cDMARDs to complete 
triple therapy vs. new 
bDMARDs

0 1 (4.2)

 Change of route vs. new 
cDMARDs to complete 
triple therapy vs. new 
bDMARDs

1 (4.5) 2 (8.3)

 Dose escalation vs. 2 or 
more new DMARDs

3 (13.6) 4 (16.7)

 Dose escalation + change 
of route vs. 2 or more 
new DMARDs

1 (4.5) 1 (4.2)

* Values are the number (%). DMARD = disease- modifying anti-
rheumatic drug; cDMARD = conventional DMARD; bDMARD = bi-
ologic DMARD. 
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preferences: onset of action, route of administration, common 
side effects that affect the quality of life, risk of serious infections, 
very rare side effects, time on the market, and affordability. Val-
ues for the 7 characteristics were displayed in 3 tiers, labeled 
as “Our TOP priority is to:” (5 stars), “Other things that influence 
our decision:” (3 stars), and “We pay little attention to:” (1/2 
a star) for each of the 5 phenotypes. A list of medication rec-
ommendations to consider based on values is also provided. 
The tool was modified based on repeated rounds of feedback 
from patients with RA and designed with the help of the Yale 
Media Department. The final version is shown in Supplementary 
Appendix A,  available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23684/
abstract.

Study design and procedures. We conducted a pretest/
post test study. The pretest and post test phases were separated 
by 2 weeks. Clinicians were introduced to the value clarification 
tool 1 week prior to the post test phase. They were briefed on 
how the tool was developed, but were not given specific instruc-
tions on how to use it in clinic. Procedures were identical in both 
phases, except for the availability of the value clarification tool in 
the post test phase.

Although the tool was developed for patients eligible for tri-
ple therapy or a biologic disease- modifying antirheumatic drug 
(bDMARD), all English- speaking RA patients who presented 
to their scheduled outpatient visits were asked to participate, 
since we could not predict who would ultimately be eligible for 
treatment escalation. Participants were recruited from 1 of 3 
outpatient rheumatology settings: a clinic visit at an academic 
medical center with an attending rheumatologist or nurse prac-
titioner, a clinic visit at an academic medical center with a fel-
low supervised by an attending rheumatologist, or a visit in a 
private office with an attending rheumatologist. Participants 
were recruited by and provided consent to the research coor-
dinator or treating provider. All enrolled patients consented to 
be audiotaped. The impression and recommendation sec-
tions of clinic notes were initially reviewed by a single research 
assistant (PBF) to screen for phrases that indicated increased 
disease activity or intolerance to current therapy, then subse-
quently double- checked by a rheumatologist (LF) to determine 
whether the audiotape was suitable for transcription. Audio-
tapes corresponding to notes documenting increased disease 
activity or medication intolerance that necessitated discontin-
uation were then transcribed. Transcripts eligible for inclusion 
in this study were those in which increased disease activity  
was discussed.

Data collection and analyses. We use the term 
disease- modifying antirheumatic drug (DMARD) to refer to both 
conventional and bDMARDs, cDMARD to refer to conventional 
DMARDs, and bDMARD to refer to biologics and tofacitinib. We 

developed a quantitative coding scheme based on the model 
proposed by Elwyn et  al (4) to measure specific aspects of 
shared decision- making. We describe “choice talk” by exam-
ining specific options discussed during the visit, which included 
changes to route of administration, dose of a current DMARD, 
and/or the addition of (or switch to) a new DMARD. Specific sets 
of choices offered are shown in Table 1.  We assessed “option 
talk” by evaluating the amount of information clinicians used to 
describe new choices. For each visit, we report whether clini-
cians described details of administration, the number of poten-
tial benefits, the number of potential adverse events (AEs), the 
mechanism of action, and the cost of the medications (Table 2). 
We evaluated “decision talk” by examining whether patients 
vocalized their values and/or preferences (Figure 1) and whether 
there was deliberation between the patient and provider. Delib-
eration was defined as a discussion between the patient and 
provider that included the pros and/or cons of available options 
and took the patient’s values and/or preferences into account. In 
the post test phase, we also reported whether the value clarifica-
tion tool was used to facilitate choice, option, and decision talk.

We defined treatment escalation as either increasing the 
dose of the current cDMARD, changing the route of adminis-
tration of methotrexate, or adding/switching a cDMARD or 
bDMARD. For 2 cases (1 in the pretest and 1 in the post test 
phases) in which treatment decisions included the dose escala-
tion of a current cDMARD and the addition of a new cDMARD, 
we classified this combination as an addition of a new cDMARD 
when assessing option talk, decision talk, and the final treatment 
decision. Because prednisone was frequently discussed as part 
of the treatment plan, we also evaluated whether the 3 steps of 
the decision- making model were applied to decisions regard-
ing prednisone. We then considered whether the final decisions 
for escalation (Table 3) and/or prednisone were concordant with 
the patients’ values and/or preferences. We considered the cho-
sen medication as the patient’s final decision, even if the treat-
ment plan was dependent on future laboratory results and/or 
pre- authorization. The study was approved by our institution’s 
Human Research Protection Program.

RESULTS

Demographic and clinical characteristics. In the pre-
test phase, 98 patients refused to participate, 496 consented, 
and 95 audiotapes were transcribed, of which 46 met inclusion 
criteria. In the post test phase, 59 patients refused to participate, 
196 consented, and 61 audiotapes were transcribed, of which 
40 met inclusion criteria. The majority of the participants (84.9%) 
were women, and 69.9% were white. The mean ± SD age was 
58.9 ± 12.7 years. Overall, 36.8% had a 4- year college degree 
or higher, 18.4% were employed full- time, and 44.9% were mar-
ried. The mean ± SD disease duration was 12.5 ± 10.2 years, 
and the majority of patients had moderate disease activity, with 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23684/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23684/abstract
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a mean ± SD Clinical Disease Activity Index score of 18 ± 9.6 
and a mean ± SD RAPID3 score of 12.5 ± 7.6. Most patients 
were seen by an attending physician or nurse practitioner alone 
(73.9% during the pretest and 80% during the post test phases); 
the remainder were seen by both a fellow and an attending phy-
sician. Overall, 10 attending physicians, 1 nurse practitioner, and 
7 fellows participated in both phases. Additional information and 

characteristics are described in Table 4.

Choice talk. All changes offered are shown in Table  1 
(combinations that were not discussed, e.g., change in route of 

administration versus new DMARDs, are not included). Choice 
talk included changes to, or addition of, 1 or more DMARD alter-
natives in all but 1 visit in the pretest phase (in which the treat-
ment discussion was limited to a short course of prednisone) 
and in all 40 visits during the post test phase. In both phases, 
choices included an increase in dose and/or change in route 
of administration to the cDMARD only. In the pretest phase, 
 irrespective of possible changes in dose or route of adminis-
tration, 34.8% of visits included a discussion describing 1 new 
DMARD, and 47.8% described 2 or more new DMARDs. In the 
post test phase, there was a shift toward a greater number of 
options being offered, with 27.5% of visits describing 1 new 
DMARD and 60% describing 2 or more new DMARDs. Of note, 
all patients except for 1 during the pretest phase were eligible for 
at least 2 new DMARDs.

Patients were offered a mean ± SD of 1.5 ± 0.8 and 1.7 ± 0.7 
choices during the pretest and post test visits, respectively. The 
cDMARDs were offered more frequently during the pretest than 
the post test phase (45.7% versus 20%), while bDMARDs (19.6% 
versus 30%) and the choice of cDMARDs and/or bDMARDs 
(6.5% versus 27.5%) were offered less frequently in the pretest 
compared to the post test phase. Of the patients eligible for triple 
therapy (37% in the pretest and 32.5% in the post test phases), 
10.9% and 12.5% were offered cDMARDs to complete triple ther-
apy in the pretest and post test phases, respectively. Patients who 
were taking tumor necrosis factor inhibitors at the time of their visit 
were offered a mean ± SD of 1.4 ± 0.55 options in the pretest and 
2.1 ± 1.1 options in the post test phases.

Option talk. For the patients offered dose escalation as 
the sole option (6 patients in the pretest and 4 in the post test 
phases), providers discussed details of administration (83.3% ver-
sus 100%), 1–2 potential benefits, and either 0 AEs (83.3% ver-
sus 75%), 1–2 AEs (0% versus 25%) or 3–4 AEs (16.7% versus 
0%), in the pretest and post test phases of the study. For the 1 
patient who was offered a change of route as the sole option in 

Table 2. Option talk*

Components  
discussed

Pretest phase 
(n = 46)

Post test phase 
(n = 40)

Option: 1 new DMARD 16 (34.8) 11 (27.5)
 Details of adminis-

tration 
11 (68.8) 8 (72.7)

 Number of potential 
benefits

 0 0 0
 1–2 13 (81.3) 6 (54.5)
 3–4 2 (12.5) 5 (45.5)
 >4 1 (6.3) 0

 Number of adverse 
effects 

 0 3 (18.8) 4 (36.4)
 1–2 8 (50) 4 (36.4)
 3–4 3 (18.8) 3 (27.3)
 >4 2 (12.5) 0

 Mechanism of action 3 (18.8) 2 (18.2)
 Cost 2 (12.5) 2 (18.2)

Option: 2 or more new 
DMARDs

22 (47.8) 24 (60)

 Details of adminis-
tration 

13 (59.1) 21 (87.5)

 Number of potential 
benefits

 0 1 (4.5) 0
 1–2 11 (50) 12 (50)
 3–4 9 (40.9) 10 (41.7)
 >4 1 (4.5) 2 (8.3)

 Number of adverse 
effects

 0 6 (27.3) 6 (25)
 1–2 6 (27.3) 5 (20.8)
 3–4 3 (13.6) 9 (37.5)
 >4 7 (31.8) 4 (16.7)

 Mechanism of action 5 (22.7) 5 (20.8)
 Cost 4 (18.2) 12 (50)

* Values are the number (%). DMARD = disease- modifying anti-
rheumatic drug. 

Figure  1. Patient vocalization of values and/or preferences, 
showing the percentage of visits when patient vocalization of 
values and/or preferences occurred in discussing 1 new disease- 
modifying antirheumatic drug (DMARD), 2 or more new DMARDs, or 
prednisone. The orange bars show the percentage of pretest visits 
and the blue bars show the percentage of post test visits.
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the post test phase, and the single patient offered the option of 
dose escalation and change of route in the pretest phase, the pro-
vider discussed details of administration and 1–2 potential bene-
fits. For these choices, the mechanism of action or cost were not 
discussed in either phase.

Details of how new DMARD options were described are 
shown in Table 2. For the patients offered 1 new DMARD, provid-
ers and patients discussed details of administration at the majority 
of visits and a mean ± SD of 1.3 ± 0.6 potential benefits in the pre-
test phase and 1.5 ± 0.5 potential benefits in the post test phase 
(specific frequencies are in Table 2). Providers also described a 
mean ± SD of 1.3 ± 0.9 and 0.9 ± 0.8 AEs in the pretest and post 
test phases, respectively. The mechanism of action and cost were 
infrequently discussed in both phases.

For the patients offered 2 or more DMARDs, providers and 
patients discussed a mean ± SD of 1.5 ± 0.7 potential benefits in 
the pretest phase and 1.6 ± 0.7 potential benefits in the post test 
phase, as well as a mean ± SD of 1.5 ± 1.2 and 1.5 ± 1.1 AEs in 
the pretest and post test phases, respectively. While discussion 
of the mechanism of action, potential benefits, and AEs occurred 
with similar frequency in both phases, details of administration and 
cost were brought up more frequently in the post test phase.

Decision talk. Overall, value clarification occurred in 69.6% 
of the pretest and 95% of the post test visits. Among the small 
number of visits in which the provider only discussed changes 
in dose escalation and/or route of administration of a cDMARD, 
more patients vocalized their values and/or preferences in the 
post test (5 out of 5 visits) compared to the pretest phase (4 out 
of 7 visits). In addition, more patients vocalized their values and/
or preferences for discussions in which the providers described 1 
new DMARD (90.9% versus 56.3%) and 2 or more new DMARDs 
(95.8% versus 86.4%) in the post test phase than the pretest 
phase of the study (Figure 1).

Overall, deliberation occurred in a similar number of pre-
test and post test visits, during which patients’ values and/or 
preferences were vocalized (81.3% [26 out of 32] of the pretest 
and 89.5% [34 out of 38] of the post test visits). Deliberation for 
the small number of decisions related to dose escalation and/
or route of administration occurred in 3 of 4 pretest visits and 5 
of 5 post test visits. Deliberation also occurred in 88.9% of the 
pretest and 100% of the post test visits for decisions related to 
1 new DMARD and in 78.9% of the pretest and 82.6% of the 
post test visits for decisions related to 2 or more new DMARDs. 
In visits during which providers recommended 1 medication over 
another, providers were more likely to base their recommenda-
tions on patients’ values and/or preferences during the post test 
(100% of 6 visits) than pretest (64.3% of 14 visits) phases.

Treatment decisions made. Treatment escalation 
occurred in 32 visits (69.6%) in the pretest and 28 visits (70%) in 
the post test phases. The specific treatment changes are shown 
in Table 3. For most visits in which escalation did not occur, pro-
viders and patients postponed the decision (n = 12 in the pretest 
and n = 11 in the post test phases), for the following reasons: to 
optimize the time course of the current regimen prior to declaring 
medication failure (33.3% versus 72.7%), to wait for another spe-
cialist’s input (58.3% versus 0%), to enable the patient to review 
additional information provided about a new DMARD (e.g., home 
reading material) prior to making a decision (8.3% versus 9.1%), 
or because of the impracticality of changing medications (e.g., 
patient moving to new location) (0% versus 18.2%), in the pretest 
and post test phases of the study.

Decision concordance with patient values was examined 
in visits during which both patient values and/or preferences 
were vocalized and a decision on whether to escalate treatment 
was made at the time of the visit. Decisions were concordant in 
almost all visits during both the pretest and post test phases of 

Table 3. Treatment decisions made*

Decision
Pretest phase 

(n = 46)
Post test phase 

(n = 40)

Escalation 32 (69.6) 28 (70)
 Escalated dose and/or changed 

route of current cDMARD
10 (31.3) 5 (17.9)

 Escalated to prednisone alone 1 (3.1) 3 (10.7)
 Escalated to complete triple 

therapy
3 (9.4) 1 (3.6)

 Escalated to new cDMARD 10 (31.3) 10 (35.7)
 Escalated to new bDMARD 8 (25) 9 (32.1)

Did not escalate 14 (30.4) 12 (30)
 Postponed treatment decisions 12 (85.7) 11 (91.7)
 Refused 2 (14.3) 1 (8.3)

* Values are the number (%). cDMARD = conventional disease- modifying antirheumatic drug; 
bDMARD = biologic DMARD. 
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the study (21 out of the 24 visits [87.5%] in the pretest and 26 
out of the 27 visits [96.3%] in the post test phases). In the pre-
test phase, there was 1 visit with a discordant decision in which 
a patient who  initially expressed preference for oral medications 
was prescribed an injectable bDMARD and 2 visits where it was 
unclear whether the patients’ values were concordant with the 
prescribed treatments. In the post test phase, there was 1 visit 
where it was unclear whether the patient’s values were concor-
dant with the decision.

While prednisone was not included in the value clarification 
tool, more patients vocalized their values and/or preferences 
regarding prednisone in the post test (87.5%) compared to the 
pretest phase (66.7%) (Figure  1). Deliberation regarding pred-
nisone occurred in a similar number of visits in both phases (11 
out of 20 pretest visits [55%] and 12 of the 21 post test vis-
its [57.1%]). Similarly, providers based their recommendations 
regarding prednisone on patients’ values and/or preferences in 
19 out of 20 visits (95%) in the pretest phase and 21 out of 
21 visits (100%) in the post test phase. Decisions regarding 
prednisone were concordant with stated patient values and/or 
preferences in 85% (17 out of 20) of the pretest and 95.2% (20 

Table 4. Participant characteristics*

Characteristics
Pretest phase 

(n = 46)
Post test phase 

(n = 40)

Age, mean ± SD 58.3 ± 13.0 59.6 ± 12.4
Women 40 (87) 33 (82.5)
Race (n = 46)† (n = 37)†

 White 33 (71.7) 25 (67.6)
 African- American 6 (13) 7 (18.9)
 Other 7 (15.2) 5 (13.5)
 Hispanic 12 (26.1) 6 (15)

Education (n = 29)† (n = 28)†
 Some high school 1 (3.5) 5 (17.9)
 High school 

graduate
11 (37.9) 8 (28.6)

 Some college or 
2- year degree

4 (13.8) 7 (25)

 College graduate 4 (13.8) 3 (10.7)
 Graduate degree 9 (31) 5 (17.9)

Marital status (n = 44)† (n = 34)†
 Single 12 (27.3) 6 (17.7)
 Married 21 (47.7) 14 (41.2)
 Widowed 4 (9.1) 0
 Separated/divorced 6 (13.6) 13 (38.2)
 Other 1 (2.3) 1 (2.9)

Employment (n = 43)† (n = 33)†
 Full- time 8 (18.6) 6 (18.2)
 Part- time 4 (9.3) 2 (6.1)
 Student 1 (2.3) 1 (3.0)
 Retired 11 (25.6) 9 (27.3)
 Unemployed 12 (27.9) 9 (27.3)
 Disability 7 (16.3) 6 (18.2)

Insurance (n = 44)† (n = 34)†
 Private 15 (34.1) 10 (29.4)
 Medicare 16 (36.4) 17 (50)
 Medicaid 13 (29.6) 5 (14.7)
 Military 0 2 (5.9)

Erosive disease 17 (46)  
(n = 37)†

17 (56.7)  
(n = 30)†

Duration, mean ± SD 13.5 ± 11.6 
(n = 27)†

11.2 ± 8.1 
(n = 21)†

CDAI, mean ± SD 15.1 ± 9.9 
(n = 20)†

21.3 ± 8.3 
(n = 17)†

RAPID3, mean ± SD 11.3 ± 7.8 
(n = 18)†

13.3 ± 7.6 
(n = 24)†

Rheumatoid factor 
positive‡

24 (52.2) 19 (47.5)

Anti- CCP positive§ 19 (41.3) 17 (42.5)
Current prednisone 

dose
 None 25 (54.3) 23 (57.5)
 ≤5 mg/day 12 (26.1) 13 (32.5)

(Continued)

Characteristics
Pretest phase 

(n = 46)
Post test phase 

(n = 40)

 6–10 mg/day 7 (15.2) 2 (5)
 11–19 mg/day 2 (4.3) 2 (5)
 ≥20 mg/day 0 0

Current DMARD
 Methotrexate 24 (52.2) 22 (55)
 Hydroxychloroquine 18 (39.1) 16 (40)
 Sulfasalazine 8 (17.4) 9 (22.5)
 Leflunomide 6 (13.0) 2 (5)
 Cyclosporine 0 1 (2.5)
 Azathioprine 0 3 (7.5)
 Etanercept 2 (4.3) 3 (7.5)
 Adalimumab 3 (6.5) 2 (5)
 Certolizumab 1 (2.2) 1 (2.5)
 Golimumab 0 1 (2.5)
 Abatacept 2 (4.3) 3 (7.5)
 Rituximab 1 (2.2) 2 (5)
 Tocilizumab 0 1 (2.5)
 Tofacitinib 0 4 (10)

* Values are the number (%), unless indicated otherwise. CDAI =
Clinical Disease Activity Index; anti- CCP = anti–cyclic citrullinated 
peptide antibody; DMARD = disease- modifying antirheumatic drug. 
† Numbers included for variables with missing data. 
‡ Not including visits in which the rheumatoid factor antibody sta-
tus was either negative (n = 13 in pretest, n = 15 in post test) or 
unknown (n = 9 in pretest, n = 6 in post test). 
§ Not including visits in which the CCP antibody status was either
negative (n = 15 in pretest, n = 14 in post test) or unknown (n = 12 
in pretest, n = 9 in post test). 

Table 4. (Cont’d)
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out of 21) of the post test phases. In the pretest phase, there 
were 2 visits with discordant decisions regarding prednisone, 
in which patients who initially expressed unwillingness to take 
prednisone were  persuaded to take the drug, and 1 visit where 
it was unclear whether the patient’s values were concordant with 
the prescribed prednisone. In the post test phase, there was 1 
visit with a discordant decision regarding prednisone, in which a 
patient was persuaded to take the drug.

Use of the value clarification tool. The tool was used 
in the majority of visits (82.5%) during the post test phase. The 
tool was used to point out available treatment options (26.5%), 
as well as differences in route of administration (3%), AEs (2.7%), 
and benefits (3.2%). It was used to clarify patients’ values and/
or preferences in 82.5% and to clarify patients’ preference for a 
medication in 12.5% of the visits. The mean ± SD length of the 
visit was 29.9 ± 11.6 minutes in the pretest phase and 25.1 ± 10.7 
minutes in the post test phase.

DISCUSSION

This study evaluated whether a value clarification tool could 
support shared decision- making for treat- to- target decisions at 
the point- of- care. We found greater evidence of shared decision- 
making in the post test phase of the study, as demonstrated by 
a trend toward patients being offered more choices, by a higher 
number of visits in which certain medication attributes (espe-
cially cost) were discussed, and by more visits in which patients 
vocalized their values and/or preferences, compared to the pre-
test phase. In addition, providers were more likely to base their 
recommendations on patients’ values and/or preferences in the 
post test than in the pretest phase. The proportion of treatment 
decisions concordant with patient values was very high in both 
phases of the study, suggesting that once values are vocalized, 
the probability of concordance is high.

Deliberation occurred with equal frequency in both phases 
during visits in which values were vocalized, indicating that no 
additional prompting is required once values are discussed. 
Because the tool increases the likelihood of values and/or pref-
erences being discussed, it would be expected to improve the 
likelihood of deliberation in clinical practice, albeit indirectly.

Decision aids have been shown to improve medical 
knowledge and decrease decisional conflict (11), but provid-
ing patient decision support at the point- of- care to facilitate 
shared decision- making remains a challenge (12). We sought to 
address this gap by using a value clarification tool that enabled 
patients to potentially match with 1 or more of 5 distinct pheno-
types describing treatment preferences, thus enabling patients 
to view how other patients’ values vary, and to match, rather 
than construct, preferences. The former is a more rapid cog-
nitive task that may be better suited to decision- making at the 
point- of- care (13).

Given the increasing number of decision aids available, 
Elwyn et al (14) developed the International Patient Decision Aid 
 Standards instrument (IPDASi) to assess the quality of and provide 
globally accepted standards for decision aids. In accordance with 
the IPDASi, our tool was developed based on a rigorous stated 
preference survey, used plain language, provided structured guid-
ance in communication between the patient and provider through 
the use of explicit preference phenotypes, and helped patients 
clarify and express values and/or preferences.

Our results are largely consistent with 3 other decision aids 
developed for RA patients who were eligible for a change in ther-
apy. Two were designed for use prior to the encounter (15,16) 
and 1 for use during the visit (17). Fraenkel et al (15) developed 
and evaluated the use of an interactive web- based decision aid 
designed for RA patients who were candidates for biologic ther-
apy in a randomized controlled trial. The decision aid resulted 
in improved knowledge and in a higher possibility of making an 
informed, values- concordant choice compared to usual care at the 
time of the decision- making. Nota et al (16) assessed the use of 
a web- based decision aid for patients with inflammatory arthritis 
who were eligible for either initiation or change of a DMARD in a 
pretest/post test study. Patients in the post test period reported 
having a more active role in decision- making and were more likely 
to arrive at a decision concordant with their values and/or prefer-
ences. There were no differences, however, in patients’ satisfac-
tion with the decision- making process or adherence (16). Barton 
et al (17) evaluated the use of a point- of- care decision aid that was 
developed for RA patients with low health literacy who were eligible 
for a medication change. Results showed that use of the decision 
aid improved knowledge and reduced decisional conflict (17). Sim-
ilar to these studies, we found a shift toward a higher number of 
choices (2 or more) offered to patients with use of the value clarifi-
cation tool (16) and a comparable number of treatment escalations 
(17). Other decision aids exist for different purposes. Martin et al 
(18) evaluated the effects of different information formats of a deci-
sion aid for a hypothetical RA medication and found that exper-
imental design can impact how the effects of a medication are 
communicated. Li et al (19,20) evaluated the use of 2 online deci-
sion aids for RA patients to be used at home or in clinic: the Ani-
mated, Self- serve, Web- based Research tool (ANSWER) (19) was 
designed for RA patients who were unsure about starting meth-
otrexate and ANSWER- 2 (20) was intended for RA patients who 
received a recommendation to start a biologic or small- molecule 
agent or switch to a new one. ANSWER (19) was evaluated using a 
pre/post study, with results that showed improvement in patients’ 
decisional conflict and knowledge and ANSWER- 2 (20) was eval-
uated in a mixed- methods, pretest/post test study with results 
showing that patients also had decreased decisional conflict as 
well as improvement in perceived self- management capacity, but 
patient- physician communication was not measured in either one.

To obtain an objective measure of shared decision- making, 
we audiotaped all visits. Thus, we were able to describe in detail 
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how the value clarification tool impacted patient- provider commu-
nication through review of the discussions, compared to patient- 
reported outcomes measured in previous studies (15–20). In addi-
tion, the audiotapes allowed us to time the visits (21). Visits in the 
post test phase were, on average, shorter. This finding may be 
because the tool promoted a more efficient discussion focused on 
what mattered most to each individual patient.

There are also limitations to our study. Ideally, only patients 
eligible for escalation would be recruited to examine the impact 
of the decision aid. However, this ideal is difficult to achieve 
without additional resources to help identify patients eligible for 
treatment escalation prior to the visit. Another limitation is the 
lack of generalizability of our findings to men and ethnic minority 
groups, because the majority of our participants were women 
and white. Future studies are needed to evaluate applicability to 
other groups. In addition, we did not assess whether the decision 
reached during the visit was actually implemented (i.e., whether 
the medication was approved by the patient insurance carrier 
and whether the patient filled the prescription). Furthermore, we 
had substantial buy- in by several providers at our institution, and 
we acknowledge that uptake is dependent on the support from 
physicians, nurses, and other clinic support staff. In addition, 
we are unable to distinguish whether greater shared decision- 
making transpired during the post test visits due to increased 
patient education, because we did not include an objective 
measure of knowledge. Last, we were unable to provide patients 
with an accurate estimate of their out- of- pocket cost during the 
shared decision- making process, despite this issue being a sig-
nificant factor for the majority of patients (22). Given the lack of 
comparative cost data available for the individual patient during 
a clinical encounter, further investigation is needed to determine 
how best to discuss cost at point- of- care (23).

In summary, we found that a value clarification tool illus-
trating variability in treatment preferences of a large RA patient 
population could be used to support shared decision- making 
at the point- of- care without prolonging visit time. The results 
of this study support evaluating the effectiveness of the tool in 
a large- scale trial.
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Association Between Quantitatively Measured Infrapatellar 
Fat Pad High Signal- Intensity Alteration and Magnetic 
Resonance Imaging–Assessed Progression of Knee 
Osteoarthritis
Weiyu Han,1 Dawn Aitken,2  Shuang Zheng,2  Anita E. Wluka,3  Zhaohua Zhu,2  Leigh Blizzard,2 
Tania Winzenberg,2 Flavia Cicuttini,3 Graeme Jones,2 and Changhai Ding4

Objective. To describe the cross- sectional and longitudinal associations between quantitative measures of infra-
patellar fat pad (IPFP) signal- intensity alteration and knee structural abnormalities in patients with symptomatic knee 
osteoarthritis (OA).

Methods. A total of 261 patients (mean ± SD age 63.0 ± 7.2 years) with symptomatic knee OA were selected from 
a randomized controlled trial with a follow- up of 2 years. IPFP signal- intensity alterations at baseline were quantita-
tively measured on T2- weighted fat- saturated magnetic resonance imaging using MATLAB. These quantitative mea-
sures included the SD of whole IPFP signal intensity measurement, the upper quartile value of high signal intensity 
(UQH), the ratio of volume of high signal- intensity alteration to volume of whole IPFP (percentageH), and the clustering 
effect of high signal intensity (clustering- factorH). Cartilage volume and defects and bone marrow lesions (BMLs) were 
assessed using validated measures.

Results. Higher baseline SD of the IPFP, UQH, and clustering- factorH were associated with greater loss of tibial 
cartilage volume and larger increases in tibiofemoral cartilage defects over 2 years. Patients with high and medium 
tertiles of clustering- factorH had greater loss of cartilage volume per annum compared with those with a low tertile (for 
high 4.9%, for medium 4.6%, and for low 3.3% annually). Baseline percentageH and clustering- factorH were positively 
and significantly associated with increases in tibiofemoral BMLs over 2 years. Cross- sectional associations between 
IPFP measures and knee structures were similar but more consistent.

Conclusion. Quantitative measures of increased signal intensity in the IPFP were associated with knee structural 
abnormalities in the tibiofemoral compartment, suggesting that these measurements could be used as an additional 
entry criterion to enrich studies for faster progressors of knee OA.

INTRODUCTION

Osteoarthritis (OA) is a common cause of chronic disability in 
older adults and has been considered a multifactorial condition, 
with risk factors including genetics, aging, female sex, injury, and 
obesity (1,2). Obesity is a primary preventable risk factor that has 
effects increased partly through loading in the knee joint (3). Obese 
adipose tissue also has an endocrine function that can produce 
proinflammatory cytokines and adipokines affecting the process 

of joint degradation (4,5). Similar to systemic adipose tissue, local 
adipose tissue such as the infrapatellar fat pad (IPFP) has the abil-
ity to secrete proinflammatory and antiinflammatory cytokines and 
various adipokines, all of which may play roles in the maintenance 
of cartilage and bone homeostasis in the knee joint (6–9).

IPFP is structurally similar to subcutaneous adipose tissue 
(10), with an abundance of adipocytes, immune cells, vessels, and 
nerve fibers (11). Our previous studies demonstrated that larger 
IPFP size had a potentially protective effect on knee symptoms 
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and structural changes (12,13). Despite its capabilities of reduc-
ing the impact loading and absorbing forces generated through 
the knee joint, recent evidence suggests that an abnormal IPFP 
appears to play an important role in the initiation and progression 
of knee OA (11,14). IPFP can be an important local source of age- 
related inflammation and a central contributor to the degradation 
of neighboring tissues within the knee (15).

Inflammation within IPFP can be assessed using  noncontrast–
enhanced magnetic resonance imaging (MRI) (16). High signal- 
intensity alteration of IPFP has been regarded as a surrogate 
of peripatellar synovitis in epidemiologic studies (17,18). We 
used semiquantitative measurements to assess signal- intensity 
 alterations in IPFP and reported that they were significantly asso-
ciated with knee symptoms and with structural abnormalities 
in older adults (19). Currently, few studies exist that have used 
quantitative measurements to evaluate IPFP signal- intensity alter-
ations and to describe their relationship with knee osteoarthritic 
abnormalities (20). We recently established a method to quanti-
tatively assess IPFP signal- intensity alterations and reported that 
this method was reproducible and associated with knee struc-
tural changes (21). Therefore, the current study aims to show the 
cross- sectional and longitudinal associations between quantita-
tive measures of IPFP signal- intensity alterations and knee struc-
tural abnormalities in patients with symptomatic knee OA.

PATIENTS AND METHODS

Patients. This study was conducted as part of the Vita-
min D Effect on Osteoarthritis (VIDEO) study, a multicenter, 
randomized, double- blind, placebo- controlled clinical trial 
for evaluating the effects of vitamin D supplementation on 
knee pain and structural changes in knee OA patients with 
low 25- hydroxyvitamin D (25[OH]D) (22). Patients ages 50–79 
years with symptomatic knee OA for ≥6 months, assessed 
according to the American College of Rheumatology criteria for 
clinical knee OA (23), visual analog scale (VAS) scores of >20 

mm, and serum 25(OH)D levels between 12.5 and 60 nmoles/
liter were included. Exclusion criteria included grade 3 radio-
graphic OA as defined by the Osteoarthritis Research Society 
International (OARSI) atlas developed by Altman and Gold (24), 
severe knee pain on standing (>80 mm on a 100- mm VAS), 
contraindication to MRI, other forms of arthritis such as rheu-
matoid or psoriatic arthritis, severe renal impairment, and other 
exclusion criteria (25). Outcomes were measured at baseline 
and at a 24- month follow- up. The VIDEO study was approved 
by the Tasmania Health and Human Medical Research Ethics 
Committee (reference #H1040). Written informed consent was 
obtained from all participants. Our current study consisted of a 
sample of 261 patients who had received sagittal T2- weighted 
MRI scans in Tasmania. The sample of 152 patients who had 
received coronal T2- weighted MRI scans in Melbourne was 
not included in this study. Treatment and placebo groups were 
combined as a cohort.

Anthropometrics. Height was measured to the nearest 
0.1 cm (with shoes, socks, and headgear removed) using a 
stadiometer. Weight was measured to the nearest 0.1 kg (with 
shoes, socks, and bulky clothing removed) using a single pair of 
electronic scales (Model 707, Seca Delta) that were calibrated 
using a known weight at the beginning of each clinic. Body mass 
index (BMI; weight [kg]/height [m2]) was calculated.

Knee radiographic assessment. A standing an -
teroposterior view of the symptomatic knee with 15° of flex-
ion was performed for each participant at baseline, and joint 
space narrowing (JSN) and osteophytes were individually 
assessed on a scale of 0–3 (where 0 = normal and 3 = most 
severe) according to the Altman and Gold atlas (24). JSN was 
assessed at the medial tibiofemoral, lateral tibiofemoral, medial 
patellofemoral, and lateral patellofemoral compartments, while 
osteophytes were assessed at the medial tibial, medial fem-
oral, lateral tibial, lateral femoral, medial patellar, and lateral 
patellar sites. We summed the osteophyte and JSN scores as 
a total knee radiographic OA score (range 0–30), as previously 
described (26).

MRI protocol. MRI scans of the study knee were obtained 
according to a standardized protocol, using a 1.5 T whole- 
body MRI unit with a commercial transmit- receive extrem-
ity coil. Fat- suppressed T2- weighted fast spin- echo (FSE) 
sequences were used as described previously (22). The follow-
ing sequences were used: sagittal fat- suppressed T2- weighted 
3D FSE sequence, flip angle 90º, repetition time 3,067 msec, 
echo time 112 msec, field of view 16 cm, 15 slices, and 228 × 
256–pixel matrix slice thickness of 2 mm with no gap.

Measurements of high signal intensity in IPFP. High 
signal intensity in IPFP was assessed (by WH) on sagittal planes of 

SIGNIFICANCE & INNOVATIONS
• Novel quantitative measurements were used to 

assess the variation of infrapatellar fat pad (IPFP) 
signal-intensity alterations as well as the ex-
tent, quantity, and clustering effect of IPFP high 
 signal-intensity alterations.

• These measurements were associated with radio-
graphic osteoarthritis and magnetic resonance im-
aging–assessed knee structural abnormalities and 
predicted disease progression in the tibiofemoral 
compartment over 2 years, suggesting the mea-
surements are clinically relevant.
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FSE T2- weighted images, using MATLAB software (Mathworks) 
as described previously (21) (Figure 1). The segmentation of IPFP 
was performed at 10 intermediate slices in whole IPFP to avoid 
the interference from other tissues (i.e., synovium, ligaments, and 
subcutaneous fat) and effusion, which were hard to distinguish 
in the beginning and ending slices. This measurement is a semi- 
automated procedure. An initial lasso was automatically created 
by a set of points selected manually near the outer contour of 
IPFP and then automatically contracted inward to approximate 
the real boundary of IPFP. High signal- intensity alterations were 
obtained by a newly developed algorithm. Data were output auto-
matically. Among these measurements, we previously reported 
that the clustering effect of high signal intensity (clustering- factorH) 
and the SD of the IPFP measurement (SD- IPFP) were consistently 

and significantly associated with all joint structural measurements, 
that percentageH and volumeH were consistently and significantly 
associated with knee cartilage defects and radiographic OA but 
not with bone marrow lesions (BMLs), and that medianH and the 
upper quartile value of high signal intensity (UQH) were only sig-
nificantly associated with tibiofemoral cartilage defects (21). The 
mean of the IPFP measurement was not significantly associated 
with any knee structural measurements.

All these measures can be classified into 4 categories: sig-
nal intensity of whole IPFP, IPFPH, volumeH, and clustering- effectH. 
Based on the concurrent validity and the clinical construct valid-
ity that we reported, we selected 1 measure from each of these 
4 categories: SD- IPFP to represent signal intensity variation of 
whole IPFP signal intensity, UQH, percentageH to represent the 

Figure 1. Measurements of signal- intensity alteration in infrapatellar fat pad (IPFP) using MATLAB. Semi- automatic segmentations of IPFP 
were performed first, then high signal- intensity regions (red areas) were obtained by a newly developed algorithm. A, Lowest ratio of volume of 
high signal- intensity alteration to volume of whole IPFP (percentageH) and clustering effect of high signal intensity (clustering- factorH); B, Highest 
SD of the IPFP measurement (SD- IPFP) and upper quartile value of high signal intensity (UQH); C, Similar percentageH and clustering- factorH to 
subfigure B, but different SD- IPFP and UQH; D, Largest percentageH, but SD- IPFP and UQH are lower than subfigure B.
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adjusted quantity of high signal intensity (using the ratio of vol-
ume of high signal intensity region to whole IPFP volume), and 
clustering- factorH, which is calculated as:

where,

where n is the number of high intensity regions, Volj is the  volume 
of seed group Pj, 

∑n

j=1
Volj is the total volume of high intensity 

regions, and 
∑m

i=1
Voli is the volume of the top m largest high- 

intensity regions. Clustering factor (H) reflects the actual clustering 
effects; the bigger the Factor(H), the greater the clustering effects. 
Intraobserver reliabilities of these quantitative measurements 
 (intraclass correlation coefficient [ICC]) ranged from 0.92 to 0.96 
and for interobserver from 0.90 to 0.94.

Measures for knee structural abnormalities. Cartilage 
volume was assessed using the previously described image pro-
cessing techniques (27). The volumes of individual cartilage plates 
(medial tibial, lateral tibial, and patellar) were isolated by manually 
drawing disarticulation contours around the cartilage boundaries 
on a section- by- section basis, then resampled by means of bilin-
ear and cubic interpolation for final 3D rendering using OsiriX Lite 
imaging software (32- bit version 5.9, Pixmeo SARL). Total tibial 
cartilage volume was summed, and the change in cartilage vol-
ume annually was defined by the formula (follow- up minus base-
line)/interval. The coefficient of variation was 2.1% for medial tibia 
and 2.2% for lateral tibia (28).

Cartilage defects were evaluated using a modified Outerbridge 
classification (29) at medial tibial, lateral tibial, medial femoral, lateral 
femoral, femoral trochlear, and patellar sites as grade 0 (normal car-
tilage), grade 1 (focal blistering and intracartilaginous hyperintensity 
with a normal contour), grade 2 (irregularities on the surface and loss 
of thickness of <50%), grade 3 (deep ulceration with loss of thick-
ness of >50% without exposure of subchondral bone), and grade 4 
(full- thickness chondral wear with exposure of subchondral bone). 
A total score was calculated as the total of subregional scores, with 
a maximum score of 24. The presence of tibiofemoral cartilage 
defects was defined as any tibial or femoral cartilage defects grade 
≥2, and an increase in cartilage defects was defined as the value 
from the score of follow- up cartilage defects minus baseline carti-
lage defects grade ≥1. Intraobserver reliabilities (expressed as ICCs) 
ranged from 0.89 to 0.94 for different compartments. Interobserver 
reliabilities were assessed in 50 MRI images and yielded correlation 
coefficients of 0.85 to 0.93 for different compartments (30).

Subchondral BMLs were defined as discrete areas of 
increased signal adjacent to the subchondral bone. They were 
measured semiquantitatively using the modified Whole- Organ 
Magnetic Resonance Imaging Score method (31). BMLs were 

scored from 0 to 3 based on the extent of subregional involve-
ment (where 0 = none, 1 = <25% of the subregion, 2 = 25–50%, 
and  3 = >50%). The ICCs were 0.93–0.98 for this scoring sys-
tem (32). Any presence of tibiofemoral BMLs was defined as a 
BML score of grade ≥1, and an increase in BMLs was defined 
as the value from the score of follow- up BMLs minus baseline 
BMLs of ≥1.

Data analysis. Baseline characteristics were summarized 
using descriptive statistics. Univariable and multivariable lin-
ear regression analyses were used to examine the associations 
between baseline IPFP signal- intensity alteration measures (inde-
pendent variables) and baseline radiographic OA score, and base-
line and change in tibial cartilage volume (dependent variables). 
The associations between baseline IPFP signal- intensity alteration 
measures (independent variables) and the presence of or increase 

Clustering factor (H)=

∑m

i=1
Voli∕

∑n

j=1
Volj

m/n

m=

{

n∗10% n>10

1 n≤10

Figure 2. Longitudinal associations between clustering factors of 
the high signal- intensity alterations in infrapatellar fat pad and knee 
structural changes over 2 years. A, Change of tibial cartilage volume 
per annum (P = 0.014); B, Increase in tibiofemoral cartilage defects 
(P < 0.001); C, Increase in tibiofemoral bone marrow lesions (BMLs) 
(P = 0.048). P values were adjusted for baseline age, sex, body 
mass index, and treatment allocation. (H) = high signal intensity.
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in tibiofemoral cartilage defects and BMLs (dependent variables) 
over 2 years were assessed using logistic regression analyses. 
The associations were adjusted for age, sex, and BMI in cross- 
sectional analyses, and adjusted for age, sex, BMI, and vitamin D 
treatment allocation in longitudinal analyses. Interactions between 
the measurements of IPFP high signal- intensity alterations and 
sex or BMI on knee structural abnormalities were assessed by 
testing the statistical significance of the coefficient of the result 
of sex or BMI × measures of IPFP high signal- intensity alteration.

Multivariable linear/logistic regression was used to analyze 
the difference in change in tibial cartilage volume or an increase 
in tibiofemoral cartilage defects/BMLs over 2 years among ter-
tiles of clustering- factorH. Figure 2 shows the association between 
knee structural changes and clustering- factorH. A P value less 
than 0.05 (2- tailed) or a 95% confidence interval not including the 
null (for linear regression) or 1 point (for logistic regression) was 
considered significant. All statistical analyses were performed on 
SPSS software, version 20.0 for Windows.

RESULTS

Characteristics of the study population are shown in Table 1. 
A total of 261 patients (49.4% women) ages 50–79 years (mean 
63.0 years) took part in the current study. There were no significant 
differences in demographic factors (age, sex, and BMI) between 
these participants and those who were excluded from the study 
due to lack of sagittal knee MRI scans (n = 152; data not shown). 
The mean baseline total score of radiographic OA was 6.9, and 
the mean tibial cartilage volume was 3.7 ml. Tibiofemoral cartilage 
defects and any tibiofemoral BMLs were present in 53.3% and 

65.3% of patients, respectively. Using quantitative measurements, 
the values of SD- IPFP, UQH, percentageH

, and clustering- factorH 

are shown in Table 1.

Cross- sectional associations. All baseline IPFP signal- 
intensity alteration measures were significantly and positively 
associated with total radiographic OA score and with the pres-
ence of tibiofemoral cartilage defects and BMLs, but not signif-
icantly with the presence of patellar cartilage defects and BMLs, 
in both univariable and multivariable analyses (see Supplemen-
tary Tables 1–3,  available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23713/
abstract). Baseline percentageH and clustering- factorH were sig-
nificantly and negatively associated with tibial cartilage volume, 
while SD- IPFP and UQH were significantly and negatively asso-
ciated with patellar cartilage volume, in multivariable analyses 
(see Supplementary Table 4, available at http://onlinelibrary. 
wiley.com/doi/10.1002/acr.23713/abstract).

Longitudinal associations. Cartilage volume loss. Higher 
baseline SD- IPFP, UQH, and clustering- factorH were significantly 
associated with greater tibial cartilage loss, but not associated with 

Table 1. Baseline characteristics of participants (n = 261)*

Characteristic Value

Age, years 63.0 ± 7.2
Female, % 49.4
BMI, kg/m2 29.7 ± 4.9
Radiographic OA (grade 0–30) 6.9 ± 5.0
Tibial cartilage volume, ml 3.7 ± 1.1
Tibiofemoral cartilage defects, % 53.3
Any tibiofemoral BMLs, % 65.3
SD- IPFP 8.4 ± 2.9
UQH 4.2 ± 1.4
PercentageH 6.9 ± 1.3
Clustering- factorH 6.3 ± 0.9

* Values are the mean ± SD unless indicated otherwise. The pres-
ence of tibiofemoral cartilage defects was defined as any tibial or 
femoral cartilage defects of grade ≥2. Any presence of tibiofemoral 
bone marrow lesions (BMLs) was defined as a BML score of grade 
≥1. BMI = body mass index; OA = osteoarthritis; SD- IPFP = SD of the 
infrapatellar fat pad measurement; UQH = upper quartile value of 
high signal intensity region; percentageH = ratio of volume of high 
signal intensity region to whole IPFP volume; clustering- factorH = 
clustering factor of high signal intensity. 

Table 2. Longitudinal associations between baseline infrapatellar 
fat pad (IPFP) signal- intensity alteration and changes in cartilage 
volume*

Univariable 
β (95% CI)

Multivariable† 
β (95% CI)

Change in 
tibial 
cartilage 
volume

SD- IPFP –0.34 (–0.61, –0.08)‡ –0.37 (–0.65, –0.09)‡
UQH –0.90 (–1.51, –0.29)‡ –0.93 (–1.56, –0.31)‡
PercentageH –0.13 (–0.54, 0.28) –0.15 (–0.56, 0.26)
Clustering- 

factorH
–1.01 (–1.66, –0.35)‡ –1.41 (–2.25, –0.57)‡

Change in 
patellar 
cartilage 
volume

SD- IPFP –0.10 (–0.45, 0.25) –0.05 (–0.41, 0.32)
UQH –0.21 (–0.92, 0.51) –0.11 (–0.85, 0.62)
PercentageH –0.02 (–0.58, 0.54) –0.04 (–0.61, 0.53)
Clustering- 

factorH
–0.59 (–1.73, 0.56) –0.47 (–1.63, 0.70)

* The dependent variable was cartilage volume; the independent 
variable was IPFP signal- intensity alteration. 95% CI = 95% confi-
dence interval; SD- IPFP = SD of the IPFP measurement; UQH = up-
per quartile value of high signal intensity region; percentageH =  
ratio of volume of high signal intensity region to whole IPFP vol-
ume; clustering- factorH = clustering factor of high signal intensity. 
† Adjusted for age, sex, body mass index, tibial bone area, and 
treatment allocation. 
‡ Significant. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23713/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23713/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23713/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23713/abstract
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patellar cartilage loss, over a 2- year period, as shown by results 
both before and after adjustment for covariates (Table 2). Patients 
with a low tertile of clustering- factorH had 3.3% loss of cartilage 
volume annually, while those with a medium tertile had 4.6% loss 
of cartilage volume annually, and those with a high tertile had 4.9% 
loss of cartilage volume annually (Figure 2A). The results were sim-
ilar when medial and lateral tibial cartilage volumes were analyzed 

individually (data not shown).
Increase in cartilage defects. Higher baseline SD- IPFP, 

UQH, and clustering- factorH were significantly associated with 
higher risks of an increase in tibiofemoral cartilage defects over 
2 years in both univariable and multivariable analyses, while all 
baseline IPFP signal- intensity alteration measures were not as-
sociated with an increase in patellar cartilage defects (Table 3). 
There was a significant and positive association between tertiles 
of clustering- factorH and an increase in tibiofemoral cartilage de-

fects (Figure 2B).
Increase in BMLs. Higher baseline percentageH and 

clustering- factorH were significantly associated with higher risks 
of an increase in tibiofemoral BMLs over 2 years in both univar-
iable and multivariable analyses. In contrast, there were no sig-
nificant associations between all baseline IPFP signal- intensity 
alteration measures and an increase in patellar BMLs in both 
analyses (Table  4). Tertiles of baseline clustering- factorH were 
positively associated with an increase in tibiofemoral BMLs over 

2 years (Figure 2C).
The results were similar when tertiles of other baseline IPFP 

signal- intensity measures were used as independent variables 
(data not shown). Baseline IPFP signal- intensity alteration was 
positively associated with baseline effusion- synovitis but not 

with changes in effusion- synovitis (data not shown). There were 
no significant interactions between the measurements of IPFP 
signal- intensity alterations and sex or BMI on knee structural 

Table 3. Longitudinal associations between baseline infrapatellar fat pad (IPFP) signal- intensity alteration and increase in 
cartilage defects*

Univariable 
RR (95% CI)

Multivariable† 
RR (95% CI)

Increase in tibiofemoral cartilage defects
SD- IPFP 1.33 (1.16, 1.53)‡ 1.37 (1.18, 1.58)‡
UQH 2.00 (1.46, 2.74)‡ 2.10 (1.51, 2.92)‡
PercentageH 0.90 (0.76, 1.08) 0.89 (0.74, 1.07)
Clustering- factorH 2.15 (1.44, 3.22)‡ 2.19 (1.46, 3.30)‡

Increase in patellar cartilage defects
SD- IPFP 0.01 (–0.01, 0.03) 0.01 (–0.01, 0.03)
UQH 0.03 (–0.01, 0.06) 0.03 (–0.01, 0.06)
PercentageH –0.02 (–0.04, 0.01) –0.03 (–0.05, 0.01)
Clustering- factorH 0.03 (–0.02, 0.09) 0.03 (–0.02, 0.08)

* The dependent variable was cartilage defects; the independent variable was IPFP signal- intensity alteration. An increase 
in cartilage defects was defined as the value from follow- up cartilage defects minus baseline cartilage defects of ≥1. RR =  
risk ratio; 95% CI = 95% confidence interval; SD- IPFP = SD of the IPFP measurement; UQH = upper quartile value of high 
signal intensity region; percentageH = ratio of volume of high signal intensity region to whole IPFP volume; clustering- 
factorH = clustering factor of high signal intensity. 
† Adjusted for age, sex, body mass index, and treatment allocation. 
‡ Significant. 

Table 4. Longitudinal associations between baseline infrapatellar 
fat pad (IPFP) signal- intensity alteration and increase in BMLs*

Univariable 
RR (95% CI)

Multivariable† 
RR (95% CI)

Increase in 
tibiofemoral 
BMLs

SD- IPFP 1.09 (0.96, 1.23) 1.09 (0.96, 1.24)
UQH 1.10 (0.83, 1.45) 1.08 (0.81, 1.44)
PercentageH 1.28 (1.06, 1.55)‡ 1.28 (1.05, 1.55)‡
Clustering- 

factorH
1.47 (1.00, 2.17)‡ 1.52 (1.02, 2.26)‡

Increase in 
patellar BMLs

SD- IPFP 0.00 (–0.02, 0.02) 0.00 (–0.02, 0.02)
UQH –0.01 (–0.04, 0.02) –0.01 (–0.05, 0.03)
PercentageH 0.02 (–0.01, 0.04) 0.02 (–0.01, 0.05)
Clustering- 

factorH
0.00 (–0.06, 0.06) 0.00 (–0.06, 0.06)

* The dependent variable was bone marrow lesions (BMLs); the 
independent variable was IPFP signal- intensity alteration. An in-
crease in BMLs was defined as the value from follow- up BMLs mi-
nus baseline BMLs of ≥1. RR = risk ratio; 95% CI = 95% confidence 
interval; SD- IPFP = SD of the IPFP measurement; UQH = upper 
quartile value of high signal intensity region; percentageH = ratio 
of volume of high signal intensity region to whole IPFP volume; 
clustering- factorH = clustering factor of high signal intensity. 
† Adjusted for age, sex, body mass index, and treatment allocation. 
‡ Significant. 
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abnormalities (data not shown); therefore, the analyses combined 
men and women and combined those who were normal weight, 
overweight, or obese.

DISCUSSION

To our knowledge, this is the first study to show the longitu-
dinal associations between quantitative measures of IPFP signal- 
intensity alteration and knee structural abnormalities in patients 
with symptomatic knee OA. We found that quantitative measure-
ments of IPFP high signal- intensity alteration were significantly 
associated with increased radiographic OA, tibiofemoral cartilage 
defects and BMLs, and reduced cartilage volume at baseline. Fur-
thermore, most of the higher baseline IPFP high signal- intensity 
alteration measures were significantly associated with greater 
tibial cartilage volume loss and increases in tibiofemoral cartilage 
defects and BMLs over 2 years. In contrast, these quantitative 
measurements were not significantly associated with knee struc-
tural abnormalities at the patellar site.

IPFP is the biggest adipose tissue structure within the knee. 
Abundant with adipocytes, immune cells, and vessels (11), IPFP 
is an important source of inflammatory cytokines and adipokines 
(5,7–9), which can be a key contributor to knee OA. A pathologic 
study of end- stage OA patients found that there were vascular 
neoformations, fibrosis, and chronic inflammation in IPFP (33). T2- 
weighted FSE MRI can be used to assess IPFP signal- intensity 
alterations (16), and these high signal- intensity alterations may 
represent inflammation and vascular neoformations in IPFP. Sev-
eral clinical and epidemiologic studies used high signal- intensity 
alteration of IPFP as a surrogate for peripatellar synovitis (17,18); 
however, the measurement was semiquantitative. Our study uses 
a quantitative assessment of IPFP signal- intensity alteration, which 
is more objective and includes more details of IPFP signal- intensity 
changes. In addition to the rare report of associations between 
IPFP signal- intensity alterations and knee structural changes in 
patients with knee OA, the results of the current study suggested 
that IPFP signal intensity quantitative measurements could be 
considered as outcome measures in future knee OA research.

Routine radiography is considered the diagnostic gold 
 standard of OA in clinical practice due to the ability of revealing 
joint space loss and osteophytes at the joint margin, and this 
method provides an indirect measurement of cartilage loss (34). 
The OARSI atlas developed by Altman and Gold (24) is frequently 
used to assess features of radiographic OA (35). Our current study 
found that all measures of signal- intensity alteration were positively 
associated with radiographic knee OA in patients with symptomatic 
knee OA. Our findings are consistent with 2 recent publications 
using semiquantitative assessments of IPFP signal- intensity alter-
ation. Atukorala et al (36) reported that Hoffa- synovitis (assessed 
as high signal- intensity alterations in IPFP) strongly predicted the 
incidence of radiographic knee OA. We recently reported that 
the signal- intensity alteration score was significantly associated 

with radiographic knee OA in a population- based study of older 
adults (19). We were unable to evaluate the temporal relationship 
between IPFP signal- intensity alteration and radiographic OA, 
because radiographic assessment was only performed at base-
line as an exclusion criterion in the original clinical trial.

Cartilage loss is generally considered a major feature of OA 
progression. Inflammatory and metabolic factors, such as interleu-
kin 6 (IL- 6), tumor necrosis factor, and leptin, have been involved 
in cartilage breakdown and eventually cartilage loss (37,38). 
Klein- Wieringa et al (6) reported that IPFP in patients with knee 
OA could secrete higher levels of inflammatory mediators (IL- 6, 
adipsin, adiponectin, and visfatin) that contributed to the patho-
genesis of cartilage loss. Other studies also showed that IPFP 
in patients with knee OA could release proinflammatory factors 
and adipokines that could induce cartilage degradation (7,39). 
Our previous observational study showed that a semiquantita-
tive measure of IPFP signal- intensity alteration was significantly 
and positively associated with tibiofemoral cartilage loss in older 
adults (19). Consistent with these reports, we found that base-
line SD- IPFP, UQH, and clustering- factorH were associated with 
 tibiofemoral cartilage volume loss and cartilage defects (focal car-
tilage loss) in patients with symptomatic knee OA over 2 years in 
the current study. Both studies did not find significant associations 
between IPFP signal- intensity alterations and patellar cartilage vol-
ume loss. In the current study, nearly half of the participants had 
grade 4 patellar cartilage defects, and only 15% of participants 
had an increase in patellar cartilage defects.

Moreover, the change in patellar cartilage volume was only 
one- third of the change in tibiofemoral cartilage volume. The 
patellofemoral compartment had more severe disease and fewer 
changes than the tibiofemoral compartment, and this difference 
may be the reason that we did not find significant associations 
with changes in the patellar compartment. This difference may 
also explain why we only found significant cross- sectional asso-
ciations with cartilage defects and BMLs in the patellofemoral 
compartment. Moreover, we found that, cross- sectionally, some 
measures (percentageH, clustering- factorH) were related to tibial 
cartilage volume, while others (SD- IPFP, UQH) were significantly 
related to patellar cartilage volume. The reasons underlying these 
discrepancies are unclear, but the cross- sectional findings were 
not the focus of our current study.

Subchondral BMLs have been considered a hallmark of OA 
and have been related to cartilage damage and pain in the initi-
ation and progression of OA (40,41). These subchondral patho-
logic lesions may be influenced by inflammatory mediators (42) 
and may have cross- talk with IPFP pathologic changes through 
inflammatory pathways. Our previous study demonstrated that a 
high signal- intensity alteration score in IPFP was significantly and 
positively associated with BMLs in older adults, suggesting that 
there may be a link between IPFP and subchondral bone changes 
in the process of knee OA (19). Consistently, our current study 
showed that baseline percentageH and clustering- factorH were 
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associated with tibiofemoral BMLs in patients with symptomatic 
knee OA, while there were no significant associations between 
these quantitative measures and patellar BMLs.

Our current study used a novel and a semi- automatic method 
to assess signal- intensity alterations in IPFP with the output of 
quantitative measures. Using this new method, our results were 
consistent with previous semiquantitative methodology, suggest-
ing the pathology of IPFP signal- intensity alteration may play an 
important role in the progression of knee OA. Furthermore, these 
quantitative measures are more objective and the results showed 
that clustering- factorH, SD- IPFP, and UQH, but not percentageH, 
had stronger associations with knee structure changes. These 
measures may reflect different magnitudes of pathologic changes 
of IPFP, and this connection is why they were associated with dif-
ferent MRI- assessed knee structural changes of knee OA. Further 
pathologic studies are needed to identify these differences. Overall, 
clustering- factorH was more consistently associated with all MRI- 
assessed knee structural changes, suggesting that it may be a 
more useful biomarker for future research. Although this quantita-
tive methodology focused on high rather than low signal- intensity 
alterations in IPFP, it included more details of IPFP signal- intensity 
alteration than previous semiquantitative methodology and had 
more advantages over the semiquantitative one. The methodol-
ogy of this study will enrich the MRI- based whole joint assessment 
of knee OA, and could be included in selection of participants 
for future clinical trials in knee OA, by excluding those in the low 
increased signal intensity in the IPFP thus being more enriching for 
those with faster progression of knee OA. This mea sure appears 
to provide an additional selection method, independent of age, 
sex, radiologic grade, and other structural changes.

The main strength of this study is that we used a novel 
quantitative measurement to assess the signal- intensity alter-
ations in IPFP. Additionally, this study included blind readings 
and the standardized methods used for data acquisition with 
high intra-  and interreader reliabilities. The study also has 
 several potential limitations. First, because this study was 
conducted as a post hoc analysis within a subsample of a 
randomized controlled trial, it may not be generalizable to a 
broader population of patients with knee OA, and it needs 
confirmation in further studies. Second, MRI coronal planes 
were used at Melbourne, so the quantitative measures in these 
participants could not be performed; however, there were no 
significant differences in demographic factors between par-
ticipants included and excluded from this study. Third, histo-
logic examinations could not be performed in our study, so 
the pathologic changes of IPFP signal- intensity alterations are 
unknown. Fourth, more severe structural abnormalities in the 
patellofemoral compartment at baseline would result in ceil-
ing effects for the changes, which could be why we did not 
detect significant longitudinal associations in the patellofem-
oral  compartment. Future studies are required to examine 
these associations in patients without advanced disease in 

this  compartment. Last, measurement error may influence the 
results, but all measures were highly reproducible, suggesting 
that measurement error is unlikely.

In conclusion, the quantitative measures of IPFP signal- 
intensity alteration were significantly and positively associated with 
knee structural abnormalities in the tibiofemoral compartment 
over 2 years in patients with symptomatic knee OA, suggesting 
that the pathology of IPFP may play an important role in knee 
OA progression. Additionally, these quantitative measurements of 
IPFP signal- intensity alterations could be used as an additional 
entry criterion to enrich studies for faster progressors of knee OA.

ACKNOWLEDGMENTS

The authors thank the participants who made this study 
possible, and we acknowledge the role of the Vitamin D Effect on 
Osteoarthritis Study staff and volunteers in collecting the data. We 
also thank the research assistants, Jodi Barling, Kay Nguo, Judy 
Hankin, and Alice Noone, who were involved in the coordination 
of this study.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Dr. Ding had full access to all of the data 
in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.
Study conception and design. Han, Winzenberg, Cicuttini, Ding.
Acquisition of data. Han, Wluka, Zhu, Ding.
Analysis and interpretation of data. Han, Aitken, Zheng, Blizzard, 
 Winzenberg, Jones, Ding.

REFERENCES
 1. Garner M, Alshameeri Z, Khanduja V. Osteoarthritis: genes, nature- 

nurture interaction and the role of leptin. Int Orthop 2013;37:2499–505.

 2. Roos EM, Arden NK. Strategies for the prevention of knee osteoarthri-
tis. Nat Rev Rheumatol 2016;12:92–101.

 3. Wluka AE, Lombard CB, Cicuttini FM. Tackling obesity in knee osteoar-
thritis. Nat Rev Rheumatol 2013;9:225–35.

 4. Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P, 
et al. Effects of intensive diet and exercise on knee joint loads, inflam-
mation, and clinical outcomes among overweight and obese adults 
with knee osteoarthritis: the IDEA randomized clinical trial. JAMA 
2013;310:1263–73.

 5. Presle N, Pottie P, Dumond H, Guillaume C, Lapicque F, Pallu S,  
et al. Differential distribution of adipokines between serum and synovial 
fluid in patients with osteoarthritis: contribution of joint tissues to their 
articular production. Osteoarthritis Cartilage 2006;14:690–5.

 6. Klein-Wieringa IR, Kloppenburg M, Bastiaansen-Jenniskens YM, Yusuf 
E, Kwekkeboom JC, El-Bannoudi H, et al. The infrapatellar fat pad of 
patients with osteoarthritis has an inflammatory phenotype. Ann Rheum 
Dis 2011;70:851–7.

 7. Distel E, Cadoudal T, Durant S, Poignard A, Chevalier X, Benelli C. The 
infrapatellar fat pad in knee osteoarthritis: an important source of inter-
leukin- 6 and its soluble receptor. Arthritis Rheum 2009;60:3374–7.

 8. Clockaerts S, Bastiaansen-Jenniskens YM, Feijt C, De Clerck L, 
 Verhaar JA, Zuurmond AM, et al. Cytokine production by infrapatellar 



HAN ET AL 646       |

fat pad can be stimulated by interleukin 1beta and inhibited by per-
oxisome proliferator activated receptor alpha agonist. Ann Rheum Dis 
2012;71:1012–8.

 9. Eymard F, Pigenet A, Citadelle D, Flouzat-Lachaniette CH, Poignard
A, Benelli C, et al. Induction of an inflammatory and prodegradative
phenotype in autologous fibroblast- like synoviocytes by the  infrapatellar 
fat pad from patients with knee osteoarthritis. Arthritis Rheum 2014;
66:2165–74.

 10. Vahlensieck M, Linneborn G, Schild H, Schmidt HM. Hoffa’s recess:
incidence, morphology and differential diagnosis of the globular- shaped 
cleft in the infrapatellar fat pad of the knee on MRI and cadaver dissec-
tions. Eur Radiol 2002;12:90–3.

 11. Clockaerts S, Bastiaansen-Jenniskens YM, Runhaar J, Van Osch GJ,
Van Offel JF, Verhaar JA, et al. The infrapatellar fat pad should be con-
sidered as an active osteoarthritic joint tissue: a narrative review. Oste-
oarthritis Cartilage 2010;18:876–82.

 12. Han W, Cai S, Liu Z, Jin X, Wang X, Antony B, et al. Infrapatellar fat pad 
in the knee: is local fat good or bad for knee osteoarthritis? Arthritis Res 
Ther 2014;16:R145.

 13. Pan F, Han W, Wang X, Liu Z, Jin X, Antony B, et al. A longitudinal
study of the association between infrapatellar fat pad maximal area and 
changes in knee symptoms and structure in older adults. Ann Rheum
Dis 2015;74:1818–24.

 14. Ioan-Facsinay A, Kloppenburg M. An emerging player in knee osteoar-
thritis: the infrapatellar fat pad. Arthritis Res Ther 2013;15:225.

 15. Greene MA, Loeser RF. Aging- related inflammation in osteoarthritis.
Osteoarthritis Cartilage 2015;23:1966–71.

 16. Roemer FW, Jarraya M, Felson DT, Hayashi D, Crema MD, Loeuille
D, et al. Magnetic resonance imaging of Hoffa’s fat pad and relevance
for osteoarthritis research: a narrative review. Osteoarthritis Cartilage
2016;24:383–97.

 17. Roemer FW, Guermazi A, Zhang Y, Yang M, Hunter DJ, Crema MD, et
al. Hoffa’s fat pad: evaluation on unenhanced MR images as a mea-
sure of patellofemoral synovitis in osteoarthritis. AJR Am J Roentgenol
2009;192:1696–700.

 18. Hill CL, Hunter DJ, Niu J, Clancy M, Guermazi A, Genant H, et al.
 Synovitis detected on magnetic resonance imaging and its  relation
to pain and cartilage loss in knee osteoarthritis. Ann Rheum Dis
2007;66:1599–603.

 19. Han W, Aitken D, Zhu Z, Halliday A, Wang X, Antony B, et al. Signal in-
tensity alteration in the infrapatellar fat pad at baseline for the prediction 
of knee symptoms and structure in older adults: a cohort study. Ann
Rheum Dis 2016;75:1783–8.

 20. Steidle-Kloc E, Wirth W, Ruhdorfer A, Dannhauer T, Eckstein F.
Intra-  and inter- observer reliability of quantitative analysis of the
infra- patellar fat pad and comparison between fat-  and non- fat- 
suppressed imaging: data from the osteoarthritis initiative. Ann Anat
2016;204:29–35.

 21. Lu M, Chen Z, Han W, Zhu Z, Jin X, Hunter DJ, et al. A novel meth-
od for assessing signal intensity within infrapatellar fat pad on MR
images in patients with knee osteoarthritis. Osteoarthritis Cartilage
2016;24:1883–9.

 22. Jin X, Jones G, Cicuttini F, Wluka A, Zhu Z, Han W, et al. Effect of vita-
min D supplementation on tibial cartilage volume and knee pain among
patients with symptomatic knee osteoarthritis: a randomized clinical
trial. JAMA 2016;315:1005–13.

 23. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, et al.
Development of criteria for the classification and reporting of oste-
oarthritis: classification of osteoarthritis of the knee. Arthritis Rheum
1986;29:1039–49.

 24. Altman RD, Gold GE. Atlas of individual radiographic features in osteo-
arthritis, revised. Osteoarthritis Cartilage 2007;15 Suppl A:A1–56.

 25. Cao Y, Jones G, Cicuttini F, Winzenberg T, Wluka A, Sharman J,
et al. Vitamin D supplementation in the management of knee os-

teoarthritis: study protocol for a randomized controlled trial. Trials 
2012;13:131.

 26. Jones G, Ding C, Scott F, Glisson M, Cicuttini F. Early radiographic os-
teoarthritis is associated with substantial changes in cartilage volume
and tibial bone surface area in both males and females. Osteoarthritis
Cartilage 2004;12:169–74.

 27. Ding C, Cicuttini F, Parameswaran V, Burgess J, Quinn S, Jones G.
Serum levels of vitamin D, sunlight exposure, and knee cartilage loss in
older adults: the Tasmanian Older Adult Cohort study. Arthritis Rheum
2009;60:1381–9.

 28. Jones G, Glisson M, Hynes K, Cicuttini F. Sex and site differences in
cartilage development: a possible explanation for variations in knee os-
teoarthritis in later life. Arthritis Rheum 2000;43:2543–9.

 29. Baysal O, Baysal T, Alkan A, Altay Z, Yologlu S. Comparison of MRI
graded cartilage and MRI based volume measurement in knee osteo-
arthritis. Swiss Med Wkly 2004;134:283–8.

 30. Ding C, Garnero P, Cicuttini F, Scott F, Cooley H, Jones G. Knee car-
tilage defects: association with early radiographic osteoarthritis, de-
creased cartilage volume, increased joint surface area and type II colla-
gen breakdown. Osteoarthritis Cartilage 2005;13:198–205.

 31. Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D, et al.
Whole- Organ Magnetic Resonance Imaging Score (WORMS) of the
knee in osteoarthritis. Osteoarthritis Cartilage 2004;12:177–90.

 32. Raynauld JP, Martel-Pelletier J, Berthiaume MJ, Abram F, Choquette D, 
Haraoui B, et al. Correlation between bone lesion changes and cartilage 
volume loss in patients with osteoarthritis of the knee as assessed by
quantitative magnetic resonance imaging over a 24- month period. Ann
Rheum Dis 2008;67:683–8.

 33. Macule F, Sastre S, Lasurt S, Sala P, Segur JM, Mallofre C.  Hoffa’s fat
pad resection in total knee arthroplasty. Acta Orthop Belg 2005;71:714–
7.

 34. Attur M, Krasnokutsky-Samuels S, Samuels J, Abramson SB. Prog-
nostic biomarkers in osteoarthritis. Curr Opin Rheumatol 2013;25:136–
44.

 35. Culvenor AG, Engen CN, Oiestad BE, Engebretsen L, Risberg MA. De-
fining the presence of radiographic knee osteoarthritis: a  comparison
between the Kellgren and Lawrence system and OARSI atlas criteria.
Knee Surg Sports Traumatol Arthrosc 2015;23:3532–9.

 36. Atukorala I, Kwoh CK, Guermazi A, Roemer FW, Boudreau RM,  Hannon
MJ, et al. Synovitis in knee osteoarthritis: a precursor of  disease? Ann
Rheum Dis 2016;75:390–5.

 37. Tetlow LC, Adlam DJ, Woolley DE. Matrix metalloproteinase and
proinflammatory cytokine production by chondrocytes of human os-
teoarthritic cartilage: associations with degenerative changes. Arthritis
Rheum 2001;44:585–94.

 38. Posever J, Phillips FM, Pottenger LA. Effects of basic fibroblast growth
factor, transforming growth factor- beta 1, insulin- like growth factor- 1,
and insulin on human osteoarthritic articular cartilage explants. J Orthop 
Res 1995;13:832–7.

 39. Hui W, Litherland GJ, Elias MS, Kitson GI, Cawston TE, Rowan AD,
et al. Leptin produced by joint white adipose tissue induces cartilage 
degradation via upregulation and activation of matrix metalloprotein-
ases. Ann Rheum Dis 2012;71:455–62.

 40. Dore D, Martens A, Quinn S, Ding C, Winzenberg T, Zhai G, et al. Bone 
marrow lesions predict site- specific cartilage defect development and
volume loss: a prospective study in older adults. Arthritis Res Ther
2010;12:R222.

 41. Foong YC, Khan HI, Blizzard L, Ding C, Cicuttini F, Jones G,
et al. The clinical significance, natural history and predictors of bone mar-
row lesion change over eight years. Arthritis Res Ther 2014;16:R149.

 42. Geurts J, Patel A, Hirschmann MT, Pagenstert GI, Muller-Gerbl M,
Valderrabano V, et al. Elevated marrow inflammatory cells and oste-
oclasts in subchondral osteosclerosis in human knee osteoarthritis.
J Orthop Res 2016;34:262–9.



647  

Arthritis Care & Research
Vol. 71, No. 5, May 2019, pp 647–650
DOI 10.1002/acr.23704 
© 2018, American College of Rheumatology

B R I E F  R E P O R T

Association Between Knee Load and Pain: Within- Patient, 
Between- Knees, Case– Control Study in Patients With Knee 
Osteoarthritis
Trevor B. Birmingham,1 Kendal A. Marriott,1 Kristyn M. Leitch,1 Rebecca F. Moyer,2 Amanda L. Lorbergs,1 
Dave M. Walton,1  Kevin Willits,1 Robert B. Litchfield,1 Alan Getgood,1 Peter J. Fowler,1 and J. Robert Giffin1

Objective. The association between knee loading and pain in patients with knee osteoarthritis is reported to be 
low and of questionable importance, but may be confounded by several factors that differ between patients. We 
aimed to elucidate the association between dynamic knee load and pain by minimizing confounding using a study 
design that was within the same patient, with knees discordant for pain.

Methods. A total of 265 patients with knees discordant for pain (530 knees) rated the pain in each knee before 
and after walking for 6 minutes, and then underwent 3- dimensional gait analysis.

Results. The peak knee adduction moment and knee adduction impulse (proxies for medial knee loading) were 
associated with increased pain (odds ratio [OR] 2.43 [95% confidence interval (95% CI) 1.77–3.33] and OR 6.62 [95% 
CI 3.46–12.7], respectively) and remained significant after controlling for radiographic disease severity. When split 
into quartiles, ORs indicated knees in the highest loading quartile had greater odds of experiencing increased pain 
with walking (OR 4.7 95% CI 2.3–9.5] for peak adduction moment; OR 9.0 [95% CI 4.0–20.1] for adduction impulse) 
compared to knees in the lowest loading quartile.

Conclusion. When between- patient confounding is minimized, there is a strong association between medial knee 
load and increased knee pain during walking.

INTRODUCTION

Aberrant loading and increased pain during walking are both 
salient features of knee osteoarthritis (OA) (1,2); however, the asso-
ciations between measures of knee load and pain remain unclear. 
When medial knee load is represented as the external knee 
adduction moment during gait in patients with medial tibiofemoral 
OA, cross- sectional studies have suggested that the association 
between load and pain is very low and of questionable impor-
tance (3–6). Although these studies reflect the existing variation 
in patient characteristics, they include several factors (known and 
unknown) related to knee load and pain that may confound their 
association. Knee loading varies considerably between patients 
and can be influenced by several factors, such as walking speed, 

footwear, and patient- specific anthropometrics and kinematics 
(7). Moreover, pain perception and expression is recognized as 
a personal experience that varies considerably between patients 
and is influenced by a host of factors ranging from genetics to 
prior life experiences (8).

When investigating the association between measures of 
knee load and knee pain, within- patient study designs that min-
imize between- patient confounding may be advantageous. This 
may include the use of discordant pairs of knees within the same 
patient, where one (less painful) knee acts as the control for the 
other (more painful) knee. While knees discordant for pain have 
been previously used to elucidate the association between ra -
diographic severity of knee OA and knee pain (9), we are unaware 
of similar studies that have investigated knee loading. The aim of 
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the present study was to determine the association between the 
knee adduction moment and increased knee pain during walking 
in patients with medial compartment tibiofemoral OA and knees 
discordant for pain.

PATIENTS AND METHODS

Patients. We extracted the baseline knee adduction 
moments, pain scores, and Kellgren/Lawrence (K/L) grades 
(10) from a database of patients participating in studies of 
rehabilitative and surgical interventions for knee OA (11). All 
patients had been referred to one tertiary care clinic for consul-
tation regarding treatment options for ongoing knee pain. For 
the present study, we only included patients with OA that was 
located primarily in the medial tibiofemoral compartment and 
with neutral or varus alignment. We then identified patients that 
had knees discordant for pain with walking according to our 
pain assessment criteria described below. Only patients with 1 
knee classified as having increased pain (patients) and the other 
not having increased pain (controls) were included. All parti-
cipants provided informed consent at the time of data collec-
tion that included use of their data for future unknown research 
questions. The registry was approved by Western University’s 
Research Ethics Board for Health Sciences Research Involving 
Human Subjects.

Pain assessment. Patients rated pain in each knee using 
an 11- point numeric rating scale (NRS) immediately before and 
after completing a 6- minute walk. The NRS ranged from 0 to 
10, with 0 representing no pain and 10 representing the worst 
pain possible. The NRS is a reliable method of scoring pain 
provoked by physical tests in patients with OA (12). Patients 
walked around a 25- meter track while wearing their own shoes. 
Patients were asked to walk as far as possible at a self- selected 

pace, and were told that breaks were permitted if necessary. 
The change in pain in each knee was calculated by subtracting 
the pain rating before the walk from the pain rating after the 
walk. We classified knees with change scores ≥1 as increased 
pain (patients) and change scores ≤0 as not increased pain 
(controls).

Gait analysis. Immediately after completing the 6- minute 
walk, patients underwent 3-dimensional (3- D) gait analysis with 
an 8- camera motion capture system (Eagle, EvaRT 4.2, Motion 
Analysis), floor- mounted force plate (OR6, AMTI) and modified 
Helen Hayes marker set (13,14). Participants walked barefoot 
along a 10- meter level floor at their self- selected pace while 
3- dimensional (3D) camera (60 Hz) and force plate (1200 Hz) 
data were collected during repeated walking trials. We calcu-
lated the knee adduction moment using inverse dynamics, 
expressed as the external knee moment in the frontal plane rel-
ative to the tibial anatomical frame of reference (Orthotrak 6.0; 
Motion Analysis) and normalized the moment to body weight × 
height. Test–retest reliability of the peak knee adduction moment 
in patients with medial knee OA is excellent (intraclass corre-
lation coefficient [>0.85]) (13). The gait waveform was normal-
ized to 100% of stance and the peak value in the first half of 
stance was identified. The full waveform was also integrated with 
respect to time to calculate the knee adduction impulse (% body 
weight × height × seconds). For each patient, we calculated the 
mean of the 5 trials for the peak knee adduction moment and for 
the knee adduction impulse for each limb.

Statistical analysis. We examined the association 
between the knee adduction moment and increased pain using 
conditional logistic regression. The first peak knee adduction 
moment was initially entered into the model as a continuous 
variable, and then categorized into quartiles. We also used 
conditional logistic regression to examine the association 
between K/L grade and increased knee pain to determine if our 
radiographic severity and pain assessment methods produced 
results similar to those reported in a study by Neogi et al (9). 
We then repeated the original conditional regression models 
while adjusting for K/L grade. For each model, we tested for 
an interaction between the knee adduction moment and K/L 
grade, and if the interaction was nonsignificant, we included 
the K/L grade as a covariate in the analysis. We repeated the 
analyses while replacing the first peak knee adduction moment 
with the knee adduction impulse. We also completed several 
post hoc analyses by repeating the original analysis while 
using redefined cutoff values for increased pain (i.e., increase 
in pain ≥2 points instead of 1), adjusting for baseline pain level, 
separating the sample into body mass index (BMI) categories 
to explore effect modification (non- obese versus obese), and 
separating the sample into sex categories to explore effect 
modification (female versus male).

SIGNIFICANCE & INNOVATIONS
• When between-patient confounding is minimized

by using a within-patient study design in patients
with knees discordant for pain, there is a strong as-
sociation between the knee adduction moment (a
proxy for medial knee load) and knee pain during
walking.

• When split into quartiles, odds ratios (ORs) indicat-
ed knees in the highest loading quartile had greater
odds of experiencing increased pain with walking
(OR 4.7 [95% confidence interval (95% CI) 2.3–9.5]
for peak adduction moment;  OR 9.0 [95% CI 4.0–
20.1] for adduction impulse) compared to knees in
the lowest loading quartile.
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RESULTS

From the 576 patients included in the database, 265 had 
knees discordant for pain and were included in the analysis (530 
knees). The demographics and clinical characteristics for the 
265 patients are shown in Table 1. These patients were not sig-

nificantly different from the excluded patients.
When evaluated as a continuous variable, there was a pos-

itive association between the peak knee adduction moment and 
increased pain (OR 2.4 [95% CI 1.8–3.3], P < 0.001). There was 
also a positive association between the knee adduction impulse 
and increased pain (OR 6.6 [95% CI 3.5–12.7], P < 0.001). Fig-
ure 1 shows the significant dose- response association between 
knee load and increased pain when peak knee adduction moment 
and knee adduction impulse were treated as quartiles. For the 
peak knee adduction moment, the range (minimum to maximum) 

of values was 0.11–2.51 for the first quartile, 2.52–3.12 for the 
second, 3.13–3.74 for the third, and 3.75–7.84 for the fourth.

The conditional regression results for the association 
between K/L grade and pain are reported in Table  2. There 
were no significant interactions between the knee adduction 
moment (or impulse) and K/L grade in any of the models. The 
association between the peak knee adduction moment and 
pain (adjusted OR 1.7 [95% CI 1.2–2.5], P = 0.01), and the 
knee adduction impulse and pain (adjusted OR 2.8 [95% CI 
1.3–6.4], P = 0.01) remained significant after adjusting for K/L 
grade. Adjusting for K/L grade had greater effect on the models 
using quartiles, with only the highest knee adduction impulse 
quartile compared to the lowest quartile remaining statistically 
significant (adjusted OR 3.2 [95% CI 1.2–8.5], P = 0.02). For 
the knee adduction impulse, the range (minimum to maximum) 
of values was 0.03–1.12 for the first quartile, 1.13–1.40 for the 
second, 1.41–1.69 for the third, and 1.70–4.13 for the fourth. 
Results of all post hoc exploratory analyses were generally 

Table  1. Baseline demographic and clinical characteristics for 
both legs in patients with discordant changes in knee pain (n = 265)*

Characteristics Values

Demographic
Male/female, no. 196/69
Age, mean ± SD years 47 ± 9
BMI, mean ± SD 30 ± 5

Knee with increased pain
K/L grade, no. (%)

0 4 (1.5)
1 44 (17)
2 42 (16)
3 100 (38)
4 75 (28)

Pre- walk pain 2.5 ± 2.1 (0–8)
Post- walk pain 4.3 ± 2.2 (1–9)
Walk pain change 1.9 ± 1.1 (1–8)
KAM (% BW × height) 3.3 ± 1.0 (0.1–7.8)
KAI (% BW × height × secs) 1.5 ± 0.5 (0.0–4.1)

Knee with no increased pain  
K/L grade, no. (%)

0 84 (32)
1 86 (32)
2 31 (12)
3 48 (18)
4 16 (6.0)

Pre- walk pain 0.8 ± 1.5 (0–8)
Post- walk pain 0.7 ± 1.5 (0–8)
Walk pain change –0.1 ± 0.3 (–2,0)
KAM (% BW × height) 3.0 ± 1.0 (0.6–6.5)
KAI (% BW × height × secs) 1.3 ± 0.5 (0.2–2.9)

* Values are the mean ± SD (range) unless indicated otherwise.
BMI = body mass index; K/L = Kellgren/Lawrence grade of osteo-
arthritis  severity; KAM = peak knee adduction moment; BW = body 
weight; KAI = external knee adduction impulse; secs = seconds. 

Figure  1. Dose–reponse association between knee load and 
increased pain. Bars show the mean ± SD. Odds ratios and 95% 
confidence intervals (95% CI) from conditional logistic regression 
describe the association between increased knee pain and quartiles 
of knee load for the knee adduction moment (top) and impulse 
(bottom) (n = 530 knees). Odds ratios are unadjusted (shaded) 
and adjusted (solid) for Kellgren/Lawrence grades. Quartile 1 is the 
reference. The y- axis is in logarithmic scale. The number of case 
knees (increase in pain) and control knees (no increase in pain) for 
each quartile are displayed below graphs.
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consistent with the results obtained from the original analyses. 
While these results suggest minimal effect modification, the 
relatively low numbers of females and patients with low BMI 

must be acknowledged and future research is warranted.

DISCUSSION

The results of the present study suggest a strong association 
between knee load and knee pain. Specifically, depending on the 
measure of medial knee loading used, point estimates indicate 
knees in the highest loading quartile have approximately 5 or 9 
times greater odds of experiencing increased pain with walking 
compared to knees in the lowest loading quartile (Figure 1). Our 
results are consistent with those in a previous study by Melzack 
(8) in which they reported dose- response association between 
radiographic knee OA severity and pain in patients with knees 
discordant for pain. Moreover, while structural changes identi-
fied on radiographs may influence both knee pain and loading 
(i.e., contribute to altered knee loading), the present associations 
between load and pain remain significant after adjusting for K/L 
grade. The findings of the present study are also in keeping with 
the finding that a higher knee adduction moment at baseline is 
associated with incident chronic knee pain (15).

Limitations in this study include a sample confined to 
patients seeking treatment for medial compartment knee OA, at 
one tertiary care center, and consisting of mostly men. Addition-
ally, the knee adduction moment is an imperfect proxy measure 
of the actual knee load, and particularly the mediolateral distri-
bution of load. Although the present high association with pain 
shown in the present study lends support for this proxy, the 
association between the actual load and pain may differ.

The primary strength of the present study is a design that takes 
advantage of naturally occurring pairs of knees with differing levels 
of pain and enables control of both known and unknown confound-
ers. We suggest that this explains why the associations demon-
strated in our study are much higher than those previously reported 
(3–6). Other study strengths are the valid and reliable measures of 
pain and load, including a standardized pain assessment based on 
within- patient change experienced with 6 minutes of walking, and a 

standardized dynamic knee loading assessment based on 3- D gait 
biomechanics. Overall, these findings suggest that when between- 
patient confounding is minimized, there is a strong association 
between medial knee load and increased knee pain during walking.
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Muscle Co- Activation Across Activities of Daily Living in 
Individuals With Knee Osteoarthritis
Stephanie L. Smith, Richard Allan, Sara P. Marreiros, James Woodburn and Martijn P. M. Steultjens

Objective. Muscle co- activation has been shown to be elevated in individuals with knee osteoarthritis (OA) during 
gait. Comparisons of muscle co- activation across different activities of daily living such as stair negotiation have yet 
to be explored. The aim of this study was to explore muscle co- activation across different activities of daily living in 
patients with knee OA.

Methods. Muscle co- activation was assessed in 77 symptomatic knee OA patients (mean ± SD age 62.5 ± 8.1 
years, body mass index 29.4 ± 6.0 kg/m2, and sex 48:29 female:male) using electromyography (EMG), during a series 
of walking, stair negotiation (ascent, descent), and sit- to- walk activities. EMG was recorded from 7 sites, mediolat-
eral gastrocnemius, biceps femoris, semitendinosus, vastus lateralis/medialis, and rectus femoris, and normalized 
to maximal voluntary isometric contraction. Correlation was used to assess the consistency of co- activation across 
activities. Repeated- measures analysis of variance assessed the muscle combination by activity differences.

Results. Muscle co- activation was highest during stair ascent. When comparing muscle combinations within the 
same activity, we found that correlations ranged from r = 0.003 to r = 0.897, of which 80% of the combinations were 
significant. Between activities, muscle co- activation was significantly different (P < 0.05). Mediolateral muscle co- 
activation was higher than hamstrings/quadriceps across activities.

Conclusion. Two muscle co- activation strategies were observed during activities of daily living in patients with 
knee OA to maintain stability. Muscle co- activation was higher during more challenging activities, particularly when 
the joint was accepting load. Mediolateral muscle co- activation was higher than hamstrings/quadriceps, so that 
mediolateral co- activation was thought to be a stabilization mechanism, while hamstrings/quadriceps co- activation 
responds to knee flexion moments, suggesting that different muscle combinations may have different roles in re-
sponding to joint demand.

INTRODUCTION

Individuals with knee osteoarthritis (OA) exhibit altered 
movement patterns (i.e., reduced knee flexion, altered knee 
stiffening) compared to healthy controls (1–6), as a result of 
structural changes, pain, muscle weakness, and a loss of 
proprioception (7). Muscle activation is controlled by 2 mech-
anisms, feedforward, based on cognitive control, and feed-
back, responding to changes detected by joint receptors 
(mechanoreceptors, proprioceptors) (8). These altered move-
ment patterns have been associated with high joint loads, loss 
of joint stability, and the inability of the musculature to provide 
stability (9–11).

Muscle co- activation (simultaneous coordinated agonist and 
antagonist muscle activity) is thought to be a major mechanism for 
joint stabilization, load distribution, and movement control during 
gait in knee OA (1–3,5–7,11–17). Baratta et al (9) suggested that 
muscle co- activation is necessary to aid the ligaments in maintain-
ing joint stability, distributing joint surface pressure, and regulat-
ing joint mechanical impedance. In young healthy individuals and 
individuals with knee OA, 2 muscle co- activation strategies have 
been identified. Overall muscle co- activation is considered as high 
co- activation across all muscle combinations surrounding the joint 
(18). Selective muscle co- activation involves high co- activation in 
specific, but not all, muscle combinations (e.g., agonist/antago-
nist [2,3,18] or mediolateral [3,19] combinations, but not both). In 
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individuals with knee OA, high levels of muscle co- activation are 
thought to stabilize the knee in the absence of sufficient stabili-
zation from the passive- restraints system (20). This strategy has 
been associated with increased joint contact pressures and may 
be a risk factor for cartilage degeneration and knee OA disease 
progression (1–3,5,6,11–14,20,21).

During walking, individuals with knee OA are known to demon-
strate higher muscle co- activation than controls (1,2,4,12,14–
17,21) in anterioposterior (1,2,12,14–17,21) and mediolateral 
(1,17) muscle combinations. This finding has been reported during 
specific phases of gait (1,2,4,13,14,17,21) and during the entire 
gait cycle (3–6,12,15,19,22). Schmitt and Rudolph (1) found that 
as the knee prepares to accept and then accepts weight, high 
anterioposterior co- activation stabilizes the joint. During progres-
sion from double- limb to single- limb support, the knee becomes 
increasingly unstable, and high muscle co- activation across all 
muscle combinations is needed as a stabilization mechanism 
(1). DeMont et al (23,24) also suggested that control of the knee 
position during dynamic movement may be dependent on mus-
cle activation prior to a stress occurring, emphasizing the impor-
tance of exploring muscle co- activation prior to heel strike during 
dynamic activities.

For other activities of daily living (ADL), very little evidence of 
muscle co- activation in individuals with knee OA exists. Two stud-
ies looking at stair negotiation found conflicting results. Childs et al 
(2) found high tibialis anterior/gastrocnemius (G) co- activation in 
individuals with knee OA, while Hortobágyi et al (14) found that 
there was no difference between individuals with knee OA and 
controls. When activities were grouped, individuals with knee OA 
had higher biceps femoris (BF)/vastus lateralis (VL) co- activation. 
Patsika et al (25) found higher BF muscle activity and no difference 
in the VL between individuals with knee OA and controls during 
sit- to- stand activity. Bouchouras et al (4) also found significantly 
higher BF/VL co- activation in individuals with knee OA during 
sit- to- stand activity compared to controls. In healthy individuals, 
during more challenging activities (i.e., stair negotiation) requiring 
higher muscle activation, muscle co- activation would be expected 
to be higher. In individuals with neuromuscular deficits such as 

those with knee OA, this expectation may not be true, which may 
have implications for rehabilitation (i.e., may limit the tasks that can 
be undertaken), and understanding muscle co- activation strate-
gies across different ADL and across different muscle combina-
tions is important.

Agonist/antagonist co- activation, especially hamstrings 
(H)/quadriceps (Q), is suggested to increase joint stiffness, 
where its primary role is to influence anterior tibial shear force 
and internal rotation (1,2,26–28). The vasti muscles, however, 
have been suggested to be general joint stabilizers (26,27), so 
that mediolateral co- activation is thought to respond to joint 
space narrowing and instability, increasing joint stiffness and 
joint load (2,3,26,27). This possibility raises questions about 
co- activation in knee OA. Specifically, do the same patients 
consistently demonstrate the highest muscle co- activation 
across different activities and muscle groups (e.g., with a high 
positive correlation between agonist/antagonist and mediolat-
eral muscle co- activation across all activities)? Alternatively, do 
different individuals exhibit high muscle co- activation during 
different activities or muscle combinations (e.g., high medio-
lateral and low agonist/antagonist muscle co- activation during 
stair negotiation, and low mediolateral and high agonist/antag-
onist muscle co- activation during gait).

The purpose of this study was to explore muscle co- 
activation patterns across different ADL tasks and investigate 
specific areas of muscle co- activation during different phases 
of gait. We hypothesized that for a specific activity, patients will 
demonstrate high muscle co- activity across all muscle combi-
nations, that muscle co- activation will be higher in the medial/
lateral than agonist/antagonist muscle combinations in patients 
with knee OA, and that muscle co- activation will be higher during 
more challenging activities (e.g., stair descent) compared to less 
challenging activities (e.g., gait).

SUBJECTS AND METHODS

Subjects. Data analysis presented here is part of the Neu-
romuscular Control in Knee Osteoarthritis study. A convenience 
sample of adults (age ≥40 years), with physician- diagnosed 
unilateral/bilateral knee OA, with self- reported knee pain, and 
stiffness lasting <30 minutes, confirmed by ultrasound and/or 
magnetic resonance imaging (data not shown), were recruited 
through rheumatology clinics, general practitioner practices, and 
a local newspaper advertisement. Participants were excluded if 
they had any current neuromuscular skeletal injury or disease, 
knee replacement, knee surgery in the past year, steroid injec-
tions in the past 3 months, or severe comorbidity that would limit 
participation in the study. All participants gave written informed 
consent. The assessment protocol was approved by the West 
of Scotland Research Ethics Committee (13/WS/0146) and by 
Glasgow Caledonian University (HLS12/86) and carried out in 
compliance with the Declaration of Helsinki.

SIGNIFICANCE & INNOVATIONS
• The same patients demonstrated consistently high

or low muscle co-activity across all muscle combi-
nations.

• Muscle co-activation was significantly different
across activities, so that muscle co-activation was 
higher during more challenging activities, e.g., stair 
negotiation, than during less challenging activities, 
e.g., gait.

• Neither overall nor selective muscle co-activation
strategies were predominant; thus, both muscle
co-activation strategies appear to modulate in uni-
son to promote joint stability.
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Electromyography (EMG) and muscle co- activation. 
Wireless surface electrodes (99% silver, four 5×1–mm bar Trigno 
sensors, fixed inter- electrode distance 10 mm, Delsys) were placed 
over the belly of the vastus medialis (VM), rectus femoris (RF), VL, 
semitendinous (ST), BF, medial G (MG), and lateral G (LG) muscles 
of the test leg (6,12,29). The test leg was defined as the most symp-
tomatic knee based on self- report. The electrode placement was 
in accordance with Surface Electromyography for the Non- invasive 
Assessment of Muscles recommendations (30,31). The area was 
shaved, lightly abraded, and cleaned with alcohol. Isolated con-
tractions were used to assess the quality of the EMG recordings. 
The raw signal was passed through a Trigno differential amplifier, 
input impedance 10,000 MΩ, common mode rejection ratio >80 
dB, and gain of 1,000 with a bandwidth of 20–450 Hz. The EMG 
signal was recorded with a 16- bit analog- to- digital converter (PCI- 
DAS6402/16, Measurement Computing Corporation), at a sam-
pling rate of 2,400 Hz. All EMG and force data were collected in 
Qualysis Track Manager, version 2.7- 2.9 (Qualysis Motion Capture 
Systems) and processed in Spike2, version 2.7.10 (Cambridge 
Electronic Design).

Measures of ADL. Participants performed a series of ADL 
tasks in the following order: stair ascent and stair descent, walk-
ing, and sit- to- walk transitions, during a single visit to the human 
performance laboratory at Glasgow Caledonian University. The 
number of trials performed for each activity as stated in the pro-
tocol was a pragmatic decision to enable high- quality data to be 
collected while safeguarding patients against high levels of fatigue.

Participants performed 3-stair ascent and descent trials using 
a 4- step instrumented staircase with a force plate (Kistler, 9286BA) 
embedded in the second step, aligned with a second Kistler force 
plate in the walkway. Participants ascended the stairs, turned, 
and descended, ensuring the test leg landed on both force plates 
(walkway and second step). A successful trial was defined as the 
entire foot landing within the boundaries of the force plate with no 
obvious signs of targeting the plate. The use of handrails was per-
mitted if required, and step- over- step (alternate leg on each step) 
was preferred; however, when this method was not possible, then 
step- by- step (both legs on the same step with the test leg as lead 
leg) was permitted. Participants performed 7 successful walk-
ing trials at a self- selected walking speed. A successful trial was 
defined as above and within ± 10% of movement time (Brower 
timing system). A standard armchair (height 48 cm) was placed on 
the walkway next to the force plate. Participants sat with their back 
against the chair and the test leg on the force plate, and they were 
instructed to stand up, walk 3.6 meters before turning, and return 
to a seated position. The use of the chair arms was permitted if 
required. For the purpose of this analysis, the stance phase (onset 
of force to toe- off), from 3 sit- to- walk trials was used.

For all activities, the stance phase was analyzed, defined 
as initial contact (ground reaction force exceeded 20 N) to toe- 

off (ground reaction force fell below 20 N). During walking, the 
stance phase was also split into 4 sub- phases: loading (0–14.9% 
of stance), early- stance (15–39.9%), mid- stance (40–59.9%), and 
late- stance (60–100%), with an additional pre- stance phase (–150 
msec to initial contact) (17). Stair ascent and descent were each 
split into 2 subphases, including walk- to- stair transition (stance 
on the floor force plate) and continuous (stance on the force plate 
embedded in the stairs).

Participants performed a series of maximal voluntary isomet-
ric contractions (MVICs), using an isometric dynamometer (Biodex 
4 Pro). Participants were seated, with their knee and hip flexed at 
50° and 90°, respectively. Following a series of warm- up contrac-
tions, participants performed 3 flexion/extension MVICs lasting 
3 seconds with 30 seconds rest for the H and Q muscles. For 
the G assessment, participants were seated with their knee at full 
extension and foot in an anatomically neutral position. Following 
a series of warm- up contractions, participants performed a series 
of 3 plantar flexion MVICs lasting 3 seconds, with 30 seconds of 
rest. Data were analyzed over a 500 msec window: 250 msec 
on either side of the peak force for H and Q, and 250 msec on 
either side of the peak EMG amplitude for G. For measurements 
of symptom severity, participants completed the Knee Injury and 
Osteoarthritis Outcome Score (32) and self- reported the duration 
of their symptoms.

Data management. EMG data were filtered at 20–450 Hz 
using a Butterworth fourth- order zero- lag bandpass. The aver-
age root mean square amplitude (RMSamp) was calculated for 
the stance phase, with subsequent subphases, defined above, 
and normalized to MVIC RMSamp (33–35). RMSamp was chosen 
because it is assumed to be more robust and directly linked to 
electrical power, having more physiologic significance over the 
linear envelope (33,36). MVICs were used for normalization over 
peak dynamic amplitude because MVICs provide an estimate of 
neuromuscular control and information about muscle activation, 
enabling individual variation that precludes direct comparison to 
be taken into account (33,34,36). In individuals with knee OA, nor-
malization to MVIC has been used to understand neuromuscular 
control alterations (3,35,37–39) and serves to provide a physio-
logic reference (40).

Muscle co- activation was calculated using RMSamp normal-
ized to MVIC, and normalized RMSamp data were used to calculate 
muscle co- activation using the equation below, where lowerEMGi 
and higherEMGi are respectively the lowest and highest RMSamp 
at sample i. Division by 100 takes the average across the normal-
ized interval (41). Muscle co- activation strategies were explored 
using the muscle groups Q (VL, RF, VM)/G (MG, LG), G/H (ST, BF), 
H/Q, and medial (VM, ST, MG)/lateral (VL, BF, LG). Strategies were 
also explored using muscle pairs (VL/VM, ST/BF, and MG/LG). For 
muscle groups involving multiple muscles, the mean RMS for the 
muscles involved was used. To explore agonist:antagonist versus 
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mediolateral muscle co- activation, the muscle combinations H/Q 
and VL/VM were used.

Statistical analysis. Descriptive statistics including 
mean ± SDs and frequencies of the demographics were deter-
mined. Skewness, kurtosis, and box plots were obtained to 
examine the distribution and to identify outliers for all variables. 
Hierarchical sensitivity analysis was performed with all data, 
with extreme outliers (>3 × interquartile range [IQR]) removed, 
with all outliers (>1.5 × IQR) removed, with all outliers and 
device users removed (valid data), and with valid data with 1.5 
× IQR outliers associated with low MVIC or pain during MVIC 
included. Device users were defined as individuals who used 
the stair handrails and/or a walking- aid while performing the 
ADL tasks. After extreme outliers were removed, some varia-
bles remained insignificant, while others became significantly 
different between individuals with knee OA and controls (data 
not shown). This finding did not change when further outli-
ers were removed (42). The main analysis was run with only 
extreme (3 × IQR) outliers removed. Sensitivity analysis was 
performed with and without device users; there was no differ-
ence between device users and non–device users.

Repeated- measures analysis of variance (ANOVA) fol-
lowed up with the Bonferroni post hoc test was performed 
to compare muscle co- activity within each activity. Pearson’s 
correlations between muscle co- activation combinations 
within the same activity, and partial correlations controlling for 
muscle strength and age, assessed hypothesis 1 (muscle co- 
activation would be high across all muscle combinations within 
a given activity). Correlation strength was defined as r <0.1 
(no association), r = 0.1–0.29 (weak), r = 0.3–0.49 (moderate), 
and r >0.49 (strong) (43). Hypothesis 2 (muscle co- activation 
will be higher in the mediolateral than agonist/antagonist pairs) 
was assessed with paired sample t- tests using VL/VM and 
H/Q combinations. The VL/VM co- activation provides a clear 
metric for mediolateral co- activation to provide neuromuscular 
control of the knee joint, because the vasti muscles were gen-
eral joint stabilizers (26). Repeated- measures ANOVA (muscle 
co- activation by activity) followed up with the Bonferroni post 
hoc test addressed hypothesis 3 (muscle co- activation will be 
higher during more challenging activities). All statistical analy-
ses were conducted using SPSS software, version 22.0, with 
alpha set at 0.05.

RESULTS

Gait. A total of 77 individuals with knee OA were recruited 
from rheumatology clinics (n = 15), general practitioner prac-
tices (n = 4), and a local newspaper advertisement (n = 58) 

(Table 1). Thirteen subjects (17%) had missing data for the stairs. 
During gait, VL/VM demonstrated higher muscle co- activation 
than ST/BF during pre- stance, loading, and early- stance, and 
MG/LG during loading. During mid- stance, late- stance, and 
overall- stance, MG/LG was higher than ST/BF and VL/VM. 
Mediolateral co- activation was higher than Q/G and G/H during 
pre- stance and loading; H/Q and G/H during early- stance, mid- 
stance, and overall- stance; H/Q, Q/G, and G/H during late- 
stance (waveform data are shown in Supplementary Appendix 
A, available on the Arthritis Care & Research web site at http://

onlinelibrary.wiley.com/doi/10.1002/acr.23688/abstract).
Within the same phase of walking, correlations between 

muscle co- activation combinations ranged from no association 
to strong positive associations (Figure  1 and Supplementary 
 Appendix B, available on the Arthritis Care & Research web site 
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23688/abstract). 
Pre- stance ranged from r = 0.264 (ST/BF–VL/VM; P = 0.025) to 

Co-activation index=

∑100

i=1

lowerEMGi

higherEMG
i

(lowerEMGi+higherEMG
i
)

100

Table 1. Patient demographics and activities of daily living data*

Characteristic Knee osteoarthritis (n = 77)

Age, years 62.5 ± 8.1
Women, no. (%) 48 (62)
Height, meters 1.66 ± 0.11
Body mass, kg 81.5 ± 19.4
Body mass index, kg/m2 29.4 ± 6.0
Duration of symptoms, 

years
9.3 ± 9.2

KOOS pain 56.8 ± 17.6
KOOS symptoms 54.7 ± 19.4
KOOS activities of daily 

living
65.2 ± 20.1

KOOS sports and 
recreation

33.8 ± 4.9

KOOS quality of life 39.1 ± 21.3
Activities of daily living

Walking speed, meters/
second

1.05 ± 0.15

Walking stick used, no. (%) 2 (3)
Chair arm used, no. (%) 53 (69)
Stairs walking styles, no. 

(%)†
Ascent

SOS 60 (94)
SBS 4 (6)

Descent
SOS 56 (88)
SBS 8 (12)

Handrail used 26 (41)

* Values are the mean ± SD unless indicated otherwise. KOOS =
Knee Injury and Osteoarthritis Outcome Score; SOS = step- over- 
step; SBS = step- by- step. 
† Knee osteoarthritis (n = 64). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23688/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23688/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23688/abstract
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r = 0.897 (H/G–Q/G; P < 0.001), loading ranged from r = 0.070 
(H/G–VL/VM; P = 0.557) to r = 0.682 (H/Q–ST/BF; P < 0.001), of 
which 87% of combinations were significant. For early- stance r = 

0.296 (H/Q–MG/LG; P = 0.011) to r = 0.739 (H/G–H/Q; P < 0.001), 
mid- stance ranged r = 0.105 (MG/LG–VL/VM; P = 0.374) to r = 
0.759 (Q/G–VL/VM; P < 0.001), of which 73% of combinations 

Figure  1. Correlations of muscle co- activation for individuals with knee osteoarthritis within the same activity. A, Sit- to- walk vastus 
lateralis:vastus medialis (VL/VM) and hamstrings/quadriceps (H/Q) (r2 = 0.716). B, Early- stance medial gastrocnemius/lateral gastrocnemius 
(MG/LG) and H/Q (r2 = 0.408). C, Loading H/Q and VL/VM (r2 = 0.299). D, Stairs continuous ascent MG/LG and H/Q (r2 = –0.094). * = P < 0.05; 
** = P < 0.01.
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were significant. Late- stance ranged from r = 0.073 (H/Q–MG/LG;  
P = 0.547) to r = 0.708 (Q/G–VL/VM; P < 0.001), of which 87% 
of combinations were significant. Overall- stance ranged from r = 
0.159 (H/Q–MG/LG; P = 0.191) to r = 0.721 (H/Q–H/G and H/Q–
ST/BF; P < 0.001), of which 93% of combinations were signifi-
cant. The strength of the associations decreased when controlling 
for age and muscle strength.

Muscle co- activation was significantly higher for VL/VM than 
H/Q for loading (P = 0.008), early- stance (P < 0.001), mid- stance 
(P < 0.001), late- stance (P < 0.001), and overall- stance (P < 
0.001), with no difference for pre- stance (P = 0.319) (Figure 2).

Stair negotiation. MG/LG co- activation was higher than 
VL/VM during stair ascent transition (SUT) and continuous stair 
descent (SDC), while MG/LG and VL/VM were similar and higher 
than ST/BF during continuous stair ascent (SUC) and descent 
transition (SDT). Mediolateral co- activation was higher than H/Q 
and H/G during SUT, SUC, and SDC; Q/G was higher during SUT 
and SDT. During SDC, Q/G was similar to H/G and mediolateral, 
and higher than H/Q.

Within the same phase of stair negotiation, correlations across 
muscle co- activation ranged from no association to strong posi-
tive associations (Figure 1 and Supplementary Appendix B, avail-
able on the Arthritis Care & Research web site at http://online 
library.wiley.com/doi/10.1002/acr.23688/abstract). SUT transition 
ranged from r = –0.004 (MG/LG–VL/VM; P = 0.976) to r = 0.850  
(H/G–ST/BF; P < 0.001), of which 60% of combinations were 
significant. SUC ranged from r = 0.079 (Q/G–MG/LG; P = 0.548) 
to r = 0.784 (H/G–H/Q; P < 0.001), of which 60% of combina-
tions were significant. During SDC, correlations ranged from 
r = –0.006 (H/Q–MG/LG; P = 0.984) to r = 0.816 (H/Q–ST/BF; 
P < 0.001) with 60% of combinations significant, while SDT 

ranged from r = 0.003 (ST/BF–MG/LG; P = 0.984) to r = 0.722 
(H/Q–ST/BF; P < 0.001), of which 60% of combinations were  
significant. The strength of the associations decreased when  
controlling for age and muscle strength. Muscle co- activation  
was significantly higher for VL/VM than H/Q across all phases of 
stair negotiation (P < 0.001) (Figure 2).

Sit- to- walk. During sit- to- walk, VL/VM showed higher mus-
cle co- activation than ST/BF and MG/LG, while mediolateral was 
higher than H/Q, Q/G, and H/G. Sit- to- walk showed a weak (r = 
0.251, H/Q–MG/LG; P = 0.032) to strong association (r = 0.727, 
H/Q–H/G; P < 0.001) (Figure  1 and Supplementary Appendix 
B, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23688/abstract). Muscle 
co- activation was higher in VL/VM than H/Q (P < 0.001) during 
sit- to- walk (Figure 2).

Muscle co- activation across activities. Muscle co- 
activation was significantly different within the same muscle co- 
activation combination across activities and phases (P < 0.001) 
for all muscle co- activation combinations (Figure 3). Muscle co- 
activation was significantly (P < 0.05) different across 65.5% 
(H/Q), 61.8% (H/G), 63.6% (Q/G), 70.9% (mediolateral), 74.5% 
(VL/VM), 47.2% (ST/BF), and 72.7% (MG/LG) of activity com-
binations. Pre- stance was significantly different from loading, 
early- stance, overall- stance, sit- to- walk, and stair negotiation 
across all muscle combinations except ST/BF. Pre- stance was 
significantly different from loading, mid- stance, and late- stance 
for ST/BF. Mid- stance and late- stance were different from load-
ing, overall- stance, and sit- to- walk for all muscle combinations. 
Overall- stance was different from sit- to- walk (H/G) and SUC (all 
combinations except H/G and ST/BF), sit- to- walk was different 
from SUC (all combinations except ST/BF), and stair ascent and 
descent phases were also different from each other for all com-
binations except ST/BF.

DISCUSSION

The results indicate that muscle co- activation was pos-
itively correlated across different muscle combinations within 
the same activity. Mediolateral co- activation within Q was higher 
than anteroposterior co- activation across all activities in knee 
OA. Muscle co- activation was higher during more challenging 
activities (stair negotiation) than less challenging activities (gait).

Investigations into muscle co- activation in knee OA typically 
focus on walking. This study aimed to explore muscle co- activation 
across different ADL, during which different muscle co- activation 
strategies were observed. Overall muscle  co- activation is deployed 
when the limb is preparing to accept and then accepts weight and 
starts to transition toward single limb support. Overall muscle co- 
activation appears to be a strategy adopted when the limb is least 
stable, in more vulnerable positions requiring all muscles to acti-

Figure 2. Muscle co- activation for vastus lateralis:medalis (black 
bars) and hamstrings/quadriceps (dotted bars) across different 
activities for individuals with knee osteoarthritis. Significant differences 
between vastus lateralis:medalis and hamstrings/quadriceps: * = P < 
0.05; ** = P < 0.01; † = P < 0.001.
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vate simultaneously to stabilize the joint. During transitions from 
single- to- double limb support and when increased muscle force 
is required to propel the body from a flexed position into extension 
(mid- stance and late- stance, sit- to- walk, and stair ascent), selec-
tive muscle co- activation was used. Specifically, high muscle co- 
activation in MG/LG and VL/VM, which are thought to act as joint 
stabilizers, contributes toward rotational moments or increases 
compressive loads to facilitate moment generation needed to 

direct ground reaction forces, and potentially increases medial 
joint stability (11,26,27,44,45). Our results demonstrated that nei-
ther overall nor selective muscle co- activation was predominant, 
with a combination of both strategies used. Mills et al (11), in a 
systematic review of 14 articles, highlighted the fact that during 
walking, specific muscle co- activation is believed to play a role in 
distributing loads, while Lloyd and Buchanan (18) found in their 
modeling study that specific muscle co- activation (H/Q) contrib-

Figure 3. Muscle co- activation combinations during A, phases of walking, and B, activities of daily living for individuals with knee osteoarthritis. 
H/Q = hamstrings:quadriceps; Q/G = quadriceps:gastrocnemius; G/H = gastrocnemius:hamstrings; M/L = mediolateral; VL/VM = vastus 
lateralis/vastus medialis; ST/BF = semitendinous/biceps femoris; MG/LG = medial gastrocnemius/lateral gastrocnemius.
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uted to muscular support in response to static valgus- varus loads. 
These results suggest that both muscle co- activation strategies 
are modulated throughout different phases of walking or other 
activities to increase joint stability, distribute joint loads, and sup-
port joint moments at the potential cost of increased compressive 
loads.

Within the same activity, the same patients demonstrated 
high or low muscle co- activity across all muscle combinations. 
With increasing age and the addition of joint space narrowing 
associated with knee OA, the passive restraints (e.g., ligaments) 
become increasingly lax (39,44). To prevent lateral joint opening 
and the transfer of load, medially higher antagonist muscle force 
is required (46). Higher antagonist muscle activation is thought 
to increase joint stiffness (46), but the ability to adopt movement 
strategies that remain normal is lost with muscle weakness (39). 
Alterations in muscle co- activation strategies may, therefore, try to 
accommodate this lack of joint stability. Individuals with selective 
high muscle co- activation may be at an increased risk of disease 
progression as a result of high joint loads combined with high joint 
pressures associated with high muscle co- activation.

VL/VM co- activation was higher than H/Q in individuals with 
knee OA across all activities except pre- stance. H/Q co- activation 
increases joint stiffness to counteract joint instability (2). H acti-
vation is thought to increase joint stiffness and reduce loads on 
the anterior cruciate ligament by reversing the shear force on 
the tibia, counterbalancing the main knee flexion moment, at the 
expense of increased patellofemoral and tibiofemoral load (28). 
VL/VM co- activation has been suggested to be a response to 
joint space narrowing, increased joint stiffness, and joint surface 
loading (2,3,19,37,47). Flaxman et al also identified the vasti mus-
cles as general joint stabilizers bracing the knee (26,27). Increased 
joint contact pressures associated with high muscle co- activation 
may increase the risk for cartilage degeneration (1–3,6,12–
14,18,19,21). Hodges et  al (48) found that increased duration 
of medial (vastus medalis/semimembranosus) co- activation was 
associated with medial cartilage loss in medial knee OA, while Zeni 
et al (12) found high medial co- activation controlled medial laxity 
and instability in medial knee OA. Lateral (VL/BF) co- activation 
was inversely related with medial cartilage loss in knee OA (48) 
and is thought to unload the medial compartment (3,6,15,17).

According to findings from Bae et al (49), tibiofemoral OA is 
either confined to the medial compartment or generalized over 
the medial and lateral compartments. Several studies in medial 
and generalized knee OA are in support of selective lateral activa-
tion (3,6,15,17), but others are not (1,44,45). These results appear 
to be consistent with medial and generalized knee OA across 
the literature. Three studies investigated muscle co- activation 
and included medial knee OA patients only, with mixed results. 
Rudolph et al (39) and Lewek et al (45) found higher medial activa-
tion, while Lewek et al (37) demonstrated high lateral muscle co- 
activation. Including both medial and generalized knee OA in this 
study may dilute any compartmental differences, if they exist, but 

further research is required to understand muscle co- activation 
differences between medial tibiofemoral and generalized disease.

Muscle co- activation across activities was significantly dif-
ferent. We hypothesized that muscle co- activation would be 
higher during more challenging activities such as stair negotiation 
compared to less challenging activities such as gait. Muscle co- 
activation was higher during stair negotiation than during overall- 
stance and sit- to- walk, and overall- stance was higher than sit- to- 
walk. This finding is potentially due to a combination of greater 
joint instability and muscle force required to perform more chal-
lenging activities, whereby knee joint stability is required to pro-
pel the body up each step or control the lowering of the body 
down each step. During pre- stance, the results demonstrated 
higher Q/G, and similar Q/H activity to that found by Schmitt and 
Rudolph (1), where Q/G, G/H, and MG/LG are low, while Q/G, 
mediolateral, VL/VM, and ST/BF appear to be increasing in prepa-
ration to accept load (1,3) and slow the acceleration of the joint. 
During loading, our results were higher compared to findings 
in the literature, and higher than pre- stance except for MG/LG, 
which is in keeping with the literature, showing a peak in Q activity 
(3,6). Additionally, high mediolateral co- activation during loading 
was found, which is similar to results found by Heiden et al (17).

During early- stance, all combinations were lower than 
loading, in line with the findings of Schmitt and Rudolph (1), 
while mediolateral remained higher than other combinations 
(17). During mid-  and late- stance, there were no studies using 
the same equation MG/LG, which increased, peaking during 
late- stance. Muscle co- activation was higher during sit- to- walk 
across all combinations compared to gait, except for loading 
and overall- stance; stair ascent was higher than sit- to- walk and 
gait except for loading and overall stance. During SUC, muscle 
co- activation was higher than ascent transition for ST/BF and 
MG/LG. Muscle co- activation during stair descent was generally 
higher than gait and lower than continuous ascent and descent. 
During more biomechanically challenging activities requiring 
greater muscle activation, elevated co- activation is expected. 
This study showed that in patients with knee OA, muscle co- 
activation was higher during more challenging activities.

This study has a number of strengths and limitations. First, it 
is a relatively large convenience sample (n = 77) with a substan-
tial sensitivity analysis performed prior to and during the statistical 
analysis. We did not screen or grade participants for radiographic 
disease severity, making comparisons with previous literature dif-
ficult. MVICs were performed for H and Q muscles, but reference 
contractions were performed for the G to prevent discomfort to 
the patient. During stair negotiation and sit- to- walk transition, par-
ticipants were permitted to use the handrails, step- by- step stair 
negotiation style, and chair arm. While this approach showed mus-
cle co- activation during normal daily living, it meant that movement 
was not standardized across the entire sample. Sensitivity analysis 
indicated that this approach did not affect the results presented 
here. Other studies that looked at muscle co- activation during stair 
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negotiation did not allow the use of handrails. Muscle co- activation 
values were higher in the study participants compared to the values 
reported for individuals with knee OA in the literature (2,15,37,38). 
Why muscle co- activation values were so high compared to those 
in the literature is unclear, but possible explanations include varying 
disease severity and participant demographics. Another possibility 
is the way in which the EMG signal was processed, because the 
studies that used the same equation and normalization methods 
used linear envelope to process their data rather than RMS, while 
other studies used different co- activation equations, normalization 
methods, and different time epochs over which the data was ana-
lyzed. Alternatively, low muscle activation during MVIC as a result 
of not fully activating the musculature or particularly low muscle 
activation may elevate the normalized EMG.

In conclusion, muscle co- activation patterns appear to be high 
across all muscle combinations within the same activity. Higher 
muscle co- activation was observed during more challenging activ-
ities that require greater stability. While neither overall nor selective 
muscle co- activation was predominant, they appear to modulate in 
unison to maintain joint stability and respond to the demands on the 
joint. While high muscle co- activation appears to be a mechanism to 
maintain joint stability, it may also increase the susceptibility to carti-
lage damage and the risk of incidence and progression of knee OA.
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Prevalence of Foot Pain Across an International 
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Objective. Despite the potential burden of foot pain, some of the most fundamental epidemiologic questions 
surrounding the foot remain poorly explored. The prevalence of foot pain has proven to be difficult to compare across 
existing studies due to variations in case definitions. The objective of this study was to investigate the prevalence of 
foot pain in several international population- based cohorts using original data and to explore differences in the case 
definitions used.

Methods. Foot pain variables were examined in 5 cohorts: the Chingford 1000 Women Study, the Johnston 
County Osteoarthritis Project, the Framingham Foot Study, the Clinical Assessment Study of the Foot, and the North 
West Adelaide Health Study. One question about foot pain was chosen from each cohort based on its similarity to the 
American College of Rheumatology pain question.

Results. The precise definition of foot pain varied between the cohorts. The prevalence of foot pain ranged from 
13% to 36% and was lowest in the cohort in which the case definition specific to pain was used, compared to the 
4 remaining cohorts in which a definition included components of pain, aching, or stiffness. Foot pain was generally 
more prevalent in women and obese individuals and generally increased with age, with the prevalence being much 
lower in younger participants (ages 20–44 years).

Conclusion. Foot pain is common and is associated with female sex, older age, and obesity. Estimates of the 
prevalence of foot pain are likely to be affected by the case definition used. Therefore, in future population studies, 
the use of consistent measures of data collection must be considered.

INTRODUCTION

Foot pain has been identified as an independent risk fac-
tor for locomotor disability (1), impaired balance (2), increased 

risk of falls (3,4), loss of independence, and reduced quality of 
life (5). It is likely that foot pain contributes a significant burden 
in both older individuals and healthcare systems. The literature 
suggests that foot pain is highly prevalent in the general pop-
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ulation; however, prevalence estimates vary from 9% to 30% 
(6–9). Foot problems have been reported to account for up to 
8% of a general practitioner’s consultations for musculoskele-
tal disorders in the UK (10,11).

Despite the potential burden of foot pain, to date, some 
of the most fundamental epidemiologic questions surrounding 
the foot remain poorly explored, particularly with con sideration 
to basic demographic features. Accurately estimating the 
burden of foot pain in the general population is important so 
that clinical and cost- effective management strategies can be 
implemented. Estimating the proportion of a population with a 
condition such as foot pain will provide the basis for determin-
ing the number of people who may require care, for monitoring 
changes in the condition occurrence over time. An investiga-
tion of foot pain prevalence using original data in a number 
of international population- based cohorts would enable deter-
mination of the differences in foot pain frequency between 
geographic regions and sociodemographic groups, with con-
sideration of age, sex, body mass index (BMI), and race. Fre-
quencies obtained from research are the basis for probability 
estimates for the purposes of patient care, and future research 
can begin to establish potential risk factors for foot pain and 
associated conditions.

Traditional meta- analyses can be valuable and efficient in 
terms of time and resources required but can be affected by sev-
eral substantial limitations. They are limited to published results 
and may therefore be subject to publication bias, and the quality 
and availability of data may vary across studies (12). Such issues 
have been previously encountered due to the considerable var-
iation used in case definitions for type, period, and patterns of 
pain, which limited the ability to pool data and provide accurate 

prevalence estimates (7). The heterogeneity of variable case defi-
nitions is a limitation to any research aimed at comparing data 
across cohorts or study data sets. It is necessary to identify the 
components and definitions of each variable and, when possible, 
to produce a method to standardize each variable. Such methods 
have been previously highlighted in the investigation of knee oste-
oarthritis (OA) (13,14).

Therefore, the primary aim of this study was to identify the 
prevalence of foot pain in 5 prospective cohorts, using original 
participant data. The secondary aim was to consider potential rea-
sons for differences in pain across geographic locations according 
to important factors such as age, sex, BMI, race, selection bias 
in each cohort (sampling method, response rate, and loss to fol-
low- up), and measurement bias (foot pain case definitions). This 
cross- sectional study makes use of original data from 5 interna-
tional population cohorts linked to an international consortium of 
foot and ankle research collaborators.

PATIENTS AND METHODS

Cohort selection. Early findings from a cross- cohort 
foot OA collaboration project with principal investigators from 
prospective cohorts, including the Chingford 1000 Women 
Study, the Johnston County Osteoarthritis Project, and the 
Framingham Foot Study, revealed a need to establish a 
larger consortium of foot and ankle research collaborators 
in order to address variations in data collection across pop-
ulation cohorts. In 2017, a consortium of international foot 
and ankle research collaborators was formed to encourage 
a more collaborative approach to research on foot and ankle 
pain. The consortium consisted of principal investigators and 
researchers associated with current foot and ankle cohort 
studies and representative research. Potential cohorts for the 
current study were identified through members of the consor-
tium with knowledge of prospective population- based cohorts 
rich in foot pain data. The Chingford 1000 Women Study (15), 
the Johnston County Osteoarthritis Project (16), the Clinical 
Assessment Study of the Foot (17), the Framingham Foot 
Study (18), and the North West Adelaide Health Study were 
identified (19). The characteristics of participants in each 

cohort are shown in Table 1.

Sampling methods and data collection in the cohort 
populations. Chingford 1000 Women Study. The Chingford 
1000 Women Study is an ongoing prospective, population- 
based longitudinal study that was established to assess risk 
factors and associations with osteoporosis and OA (15). The 
cohort originally consisted of 1,003 women ages 45–64 years 
who were recruited from a general practice in Chingford, North 
East London, UK. Since 1989, the women have been assessed 
almost annually with a number of investigations. The current 
study used data from year 15 (2003).

SIGNIFICANCE & INNOVATIONS
• Comparison of original data is a key component to

effectively enhance the scientific content and value
of large studies, both past and current. This study
represents the first effort to compare original data
for foot pain, which is an understudied yet com-
mon concern in rheumatology.

• As seen with previous data harmonization of knee
osteoarthritis-related outcomes, the prevalence of
foot pain is likely affected by the case definition used.

• Rather than using summary estimates of effect in
future work, the use of original participant data
across cohorts allows for a more detailed con-
sideration of the heterogeneity in variable case
 definitions.

• In future population studies, use of more consistent
measures of data collection must be  considered.
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Johnston County Osteoarthritis Project. The Johnston 
County Osteoarthritis Project is an ongoing population- based 
longitudinal study that was established to investigate the epi-
demiology of OA among both African American and white indi-
viduals residing in 6 townships in a mostly rural county in North 
Carolina (16). Individuals who were recruited for this study were 
civilian, noninstitutionalized residents who were at least 45 years 
old. The original cohort included women enrolled between 1991 
and 1997. Data for the current analysis were from the first follow- 
up visit and were collected from 1999 to 2004.

Clinical Assessment Study of the Foot. The Clinical 
Assessment Study of the Foot is an ongoing population- based, pro-
spective, observational cohort study of foot pain and foot OA (17). All 
adults ages 50 years and older who were registered with 4 general 

practices in North Staffordshire, UK, were invited to take part in the 
study, irrespective of consultation for foot pain or problems. In the 
current study, we used data from the initial baseline health survey 
questionnaire mailed in 2010/2011, which was used to gather infor-
mation on aspects of general health, including foot pain.

Framingham Foot Study. The Framingham Foot Study in-
cludes members of the Framingham Heart Study Original Cohort, 
the Framingham Heart Study Offspring Cohort, and a third com-
munity sample (18). The Original Cohort was formed in 1948 from 
a two- thirds sample of the town of Framingham, Massachusetts, in 
order to study risk factors for heart disease and has been examined 
biennially (20). In 1972, the Offspring Cohort (comprised of offspring 
and spouses of the offspring) was formed in order to study familial 
risk factors for heart disease; the cohort has been examined every 
4 years (21). The community sample was derived from census- 

Table 1. Demographic characteristics of each cohort*

Chingford 
1000 Women 

Study

Johnston County 
Osteoarthritis 

Project
Framingham 
Foot Study

Clinical Assessment 
Study of the Foot

North West 
Adelaide Health 

Study

Data collection time 
point

Year 15  
(2003)

First  
follow- up visit 
(1999–2004)

Phase 1 
(2002 and 

2008)

Baseline  
health survey 
(2010–2011

Stage  
2 clinic 

(2004–2006)
No. of participants (at 

time point)
655 1,619 3,420 4,490 3,145

Age, mean ± SD years 68.6 ± 5.8 65.8 ± 9.8 66.5 ± 10.6 64.9 ± 9.8 47.6 ± 17.5
Age group, years

20–34 – – – – 889 (28.3)
35–44 – – 17 (0.5) – 644 (20.5)
45–54 – 203 (12.5) 451 (13.2) 741 (16.5) 577 (17.7)
55–64 206 (31.5) 592 (36.6) 1,208 (35.3) 1,624 (36.2) 428 (13.6)
65–74 308 (47.0) 484 (29.9) 944 (27.6) 1,334 (29.7) 320 (10.2)
≥75 141 (21.5) 340 (21.0) 800 (23.4) 791 (17.6) 307 (9.8)

Sex
Male – 581 (35.9) 1,449 (43.8) 2,198 (49.0) 1,545 (49.1)
Female 655 (100) 1,038 (64.1) 1,921 (56.2) 2,292 (51.0) 1,600 (50.9)

BMI, mean ± SD kg/m2 27.2 ± 4.8 30.2 ± 6.3 28.4 ± 5.5 27.5 ± 5.2 27.8 ± 5.7
BMI category, kg/m2

<18.5 10 (1.5) 13 (0.8) 23 (0.7) 62 (1.4) 43 (1.4)
18.5–24.9 228 (34.8) 290 (17.9) 937 (27.4) 1,480 (33.0) 1,014 (32.3)
25.0–29.9 241 (36.8) 588 (36.3) 1,335 (39.0) 1,808 (40.3) 1,169 (37.2)
≥30.0 176 (26.9) 728 (45.0) 1,125 (32.9) 1,140 (25.4) 919 (29.2)

Race
White 655 (100) 1,158 (71.5) 3,420 (100) 4,395 (97.9) –
African American – 461 (28.5) – – –
African Caribbean – – – 14 (0.3) –
Asian – – – 49 (1.1) –
African – – – 8 (0.2) –
Other – – – 24 (0.5) –

* Except where indicated otherwise, values are the number (%). BMI = body mass index. 
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based random digit dialing within the Framingham community; 
subjects who were older than age 50 years and ambulatory were 
contacted in order to increase participation by minorities. Data for 
the current analysis were collected between 2002 and 2008.

North West Adelaide Health Study. The North West Ade-
laide Health Study is a longitudinal study of randomly selected 
adults who were ages 18 years and older at the time of recruit-
ment (1999 to 2003) from the northwest region of Adelaide, 
South Australia. The aim of this study is to increase the abili-
ty of strategies and policies to prevent, detect, and manage a 
range of chronic conditions (19). Participant information was 
obtained from a computer- assisted telephone interview (CATI), 
a self- completed questionnaire, and a clinic assessment at each 
stage (19,22). In the current study, data collected during stage 2 
(2004–2006) were used.

Inclusion criteria. Across all included cohorts, par-
ticipants who had responded to the foot pain question were 
selected for analysis. When available, information regarding age, 
sex, BMI, and race was also extracted for each participant.

Statistical analysis. Descriptive data for demographic 
characteristics of each cohort are presented as the mean ± SD 
or frequencies and percentages, as appropriate. Prevalence and 
95% confidence intervals (95% CIs) were also calculated for foot 
pain according to age, sex, BMI, and race for each cohort. Sen-
sitivity analysis of the Chingford 1000 Women Study was under-

taken to estimate the prevalence of foot pain, with adjusted cut-
off points (6+/15+ days).

The Chingford 1000 Women Study and Johnston County 
Osteoarthritis Project data analyses were undertaken at Oxford 
University, using Stata version 14.1. The remaining cohort anal-
yses were undertaken in- house; Clinical Assessment Study of 
the Foot using Stata version 14; Framingham Foot Study using 
SAS version 9.4; North West Adelaide Health Study using SPSS 
version 24 and Stata version 14.2.

Ethics approval. The Chingford 1000 Women Study 
was approved by the Outer North East London Research 
Ethics Committee, and written consent was obtained from 
each woman. The Johnston County Osteoarthritis Project 
was approved by the institutional review boards at the Uni-
versity of North Carolina and the Centers for Disease Con-
trol and Prevention. The Clinical Assessment Study of the 
Foot was approved by the Coventry research ethics commit-
tee (REC reference 10/H1210/5), and written consent was 
obtained from all participants. The  Framingham Foot Study 
was approved by the Hebrew SeniorLife and Boston Univer-
sity Medical Center institutional review boards, and partici-
pants provided written, informed consent prior to enrollment. 
The North West Adelaide Health Study was approved by the 
Human Research Ethics Committee of The Queen Elizabeth 
Hospital, Adelaide, South Australia. All participants provided 
written informed consent.

Table 2. Harmonization of foot pain variables across cohorts*

Cohort Original question
Responses standardized to match 

“pain on most days”

Chingford 1000 Women 
Study

“On how many days in the last month did 
you get pain?” 
(0/1–5/6–14/15+ days)

Pain in either foot on most days (L/R)
Pain on most days (yes) = pain on at 

least 15 days
Pain on most days (no) = pain on fewer 

than 15 days
Johnston County 

Osteoarthritis Project
“On most days do you have pain, aching 

or stiffness in your feet?” 
(yes/no)

Pain in either foot on most days (L/R)
Yes
No

Framingham Foot Study “On most days do you have pain, aching 
or stiffness in your feet?” 
(yes/no)

Pain in either foot on most days (L/R)
Yes
No

Clinical Assessment 
Study of the Foot

“Pain, aching or stiffness in the foot in 
the past month” 
(no days/few days/some days/most 
days/all days)

Pain in either foot on most days (L/R)
Pain on most days (yes) = most days/

all days and had foot pain in the last 
year

Pain on most days (no) = no days/few 
days/some days and had foot pain 
in the last year OR did not have foot 
pain in the last year

North West Adelaide 
Health Study

“Pain, aching or stiffness in the foot in 
the past month” 
(no days/few days/some days/most 
days/all days)

Pain in either foot on most days (L/R)
Yes
No

* In each cohort, the foot pain questions were assessed for differences in the duration of pain and the period of recall. 
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RESULTS

Response rates and loss to follow- up. Chingford 1000 
Women Study. Of the original cohort of 1,003 participants, 658 
(65.6%) returned at year 15 (in 2003) and completed a joint 
symptom questionnaire. Three of these participants (0.6%) were 
excluded from the current study due to missing data for foot pain, 
leaving 655 participants for analysis.

Johnston County Osteoarthritis Project. Of the original co-
hort of 3,187 participants, 1,739 (54.6%) returned for the first 
follow- up clinic visit (1999 to 2004). One hundred twenty (6.9%) 
of these participants were excluded from the current study due 
to missing data for either demographics or foot pain, leaving 
1,619 participants for analysis.

Clinical Assessment Study of the Foot. The baseline health 
survey questionnaire was mailed to 9,334 adults and complet-
ed by 5,109 (adjusted response 56%). Of these, 619 individuals 
(12.1%) were excluded from the current study due to missing 
data for either the foot pain questions or demographics, leaving 
4,490 participants for analysis.

Framingham Foot Study. A total of 3,429 individuals were 
included in the baseline data collection between 2002 and 2008. 
Nine of these individuals (0.3%) were excluded from the current 
study due to missing data for either foot pain questions or demo-
graphics, leaving 3,420 participants for analysis.

North West Adelaide Health Study. A total of 4,056 individ-
uals comprised the original cohort; 3,205 of these individuals 
(79.0% of the eligible sample) participated in all 3 data collec-
tions (CATI survey, self- completed questionnaires, and clinical 
assessments) during stage 2, between 2004 and 2006. Of 
these, 60 subjects (1.9% of the stage 2 sample) were excluded 
due to missing data for either foot pain or demographics, leaving 
3,145 subjects for analysis.

Standardization of foot pain. Each cohort was exam-
ined for available questions about foot pain. In each cohort, the 
foot pain questions were assessed for differences in the duration 
of pain (i.e., any/most days) and the period of recall (i.e., in the 
last month/last year/ever). Because there was a variation in pain 
duration and recall between a number of the questions in the 

Table 3. Prevalence of foot pain in the cohorts, stratified by age, sex, body mass index (BMI), and race*

Chingford 1000 
Women Study 

(n = 655)

Johnston County 
Osteoarthritis 

Project 
(n = 1,619)

Framingham 
Foot Study 
(n = 3,420)

Clinical 
Assessment 

Study of the Foot 
(n = 4,490)

North West 
Adelaide Health 

Study 
(n = 555)

Foot pain 12.5 (10.2–15.3) 36.0 (33.7–38.4) 25.0 (23.5–26.4) 20.6 (19.5–21.8) 17.7 (16.0–19.4)
Age group, years

20–34 – – – – 10.5 (7.0- 15.4)
35–44 – – 11.8 (0.0–28.8) – 10.8 (8.4–13.8)
45–54 – 34.5 (28.2–41.3) 28.2 (24.0–32.3) 19.6 (16.0–22.6) 21.8 (18.5–25.4)
55–64 9.2 (5.9–14.1) 36.0 (32.2–39.9) 26.6 (24.1–29.1) 20.5 (18.6–22.5) 24.2 (20.8–28.0)
65–74 13.6 (10.2–18.0) 35.7 (31.6–40.1) 22.4 (19.7–25.0) 20.3 (18.2–22.6) 26.4 (22.5–30.8)
≥75 14.9 (9.9–21.9) 37.4 32.4–42.7) 24.1 (21.2–27.1) 22.4 (19.6–25.4) 27.0 22.4–32.2)

Sex
Male – 30.5 (26.9–34.3) 19.0 (17.0–21.0) 18.3 (16.7–20.0) 15.3 (13.2–17.7)
Female 12.5 (10.2–15.3) 39.1 (36.2–42.1) 29.6 (27.6–31.7) 22.9 (21.2–24.6) 19.9 (17.5–22.5)

BMI category (kg/m2)
<18.5 10.0 (0.8–57.8) 38.5 (14.6–69.5) 17.4 (0.6–34.2) 22.6 (13.7–35.0) 22.3 (6.4–54.8)
18.5–24.9 11.4 (7.9–16.3) 26.6 (21.8–32.0) 20.7 (18.1–23.3) 14.4 (12.7–16.3) 10.8 (8.7–13.2)
25.0–29.9 10.0 (6.7–14.5) 31.0 (27.3–34.8) 22.8 (20.5–25.0) 19.1 (17.4–21.0) 17.6 (15.3–20.2)
≥30.0 17.6 (12.6–24.0) 43.8 (40.2–47.5) 31.3 (28.6–34.0) 31.0 (28.3–33.7) 25.1 (21.6–29.0)

Race
White 12.5 (10.2–15.3) 36.4 (33.7–39.3) 25.0 (23.5–26.4) 20.8 (19.6–22.0) –
African American – 34.9 (30.7–39.4) – – –
African Caribbean – – – 21.4 (6.0–54.0) –
Asian – – – 10.2 (4.2–22.9) –
African – – – 37.5 (8.7–79.2) –
Other – – – 12.5 (3.7–34.5) –

* Values are the percent (95% confidence interval). BMI = body mass index.
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cohorts, one question about foot pain was selected from each 
cohort based on its similarity to the question: “Have you had pain 

(in either foot) on most days in the last month?” (13) (Table 2).
The prevalence of foot pain ranged from 13% to 36% 

between cohorts. Table 3 shows the prevalence of foot pain in 
each cohort, stratified by age, sex, BMI, and race. Foot pain 
was more prevalent in women than in men across all cohorts 
in which data for both sexes were available. The largest abso-
lute difference between men and women in the occurrence of 
foot pain was 11% in the Framingham Foot Study. Prevalence 
ranged from 9% to 36% in participants ages 55–64 years, 
14% to 36% in those ages 65–74 years, and 15% to 37% in 
those ages 75 years and older (Figure 1). In all cohorts, foot 

pain was most prevalent in participants classified as obese 
(BMI >30.0 kg/m2) (Figure  2). In the Johnston County Oste-
oarthritis Project, the Clinical Assessment Study of the Foot, 
and the North West Adelaide Health Study, the prevalence of 
foot pain was also high in those with a BMI lower than 18.5 
kg/m2; however, the numbers of participants were small, and 
the 95% CIs were wide. Race was reported in 4 cohorts, 2 of 
which were limited to only white participants (Chingford 1000 
Women Study and Framingham Foot Study). The prevalence 
of foot pain among white participants ranged from 13% to 
36%. In the Johnston County Osteoarthritis Project, the fre-
quency of foot pain was comparable in white individuals and 
African Americans (36% and 35%, respectively). When data 

Figure 1. Prevalence of foot pain across cohorts according to age group. Vertical lines with error bars represent the 95% confidence 
intervals.
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Figure 2. Prevalence of foot pain across cohorts according to body mass index category. Vertical lines with error bars represent the 95% 
confidence intervals.
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for other races were available within the Clinical Assessment 
Study of the Foot, the prevalence of foot pain was highest in 
African Americans (38% compared to only 10% in Asian par-
ticipants); however, the numbers of these participants were 

small, and the 95% CIs were wide.

DISCUSSION

This is the first study to use original data to compare the 
prevalence of foot pain across multiple international populations. 
The prevalence of foot pain ranged from 13% in the Chingford 
1000 Women Study to 18% in the North West Adelaide Health 
Study, 21% in the Clinical Assessment Study of the Foot, 25% 
in the Framingham Foot Study, and 36% in the Johnston County 
Osteoarthritis Project. The study highlights the differences in foot 
pain across age, sex, BMI, and race while considering differ-
ences in the case definitions used for variables, which is a vital 
consideration when combining or comparing data across mul-
tiple data sets.

In cohorts that included both men and women, the prev-
alence of foot pain was consistently higher in women. This dif-
ference has been widely reported (6,7,9,23), with a suggested 
partial attribution to lifetime footwear habits, although other 
factors such as occupation and family history are also thought 
to contribute (18,24). Women are more likely than men to report 
musculoskeletal pain in general, and consideration should also 
be given to sex- related variations in pain perception (25), hor-
monal influences (26), and psychological and social factors 
(27). However, the role of other potential sex differences such 
as occupation or physical activity levels is currently unknown. 
The overall prevalence of foot pain was actually lowest in the 
Chingford 1000 Women Study, which included only women. 
While unknown factors such as comorbidities may play a role, 
this is likely due to the case definition used for foot pain. In the 
Chingford 1000 Women Study, the question was specific to 
pain only, in comparison to all other cohorts in which questions 
included pain, aching, and stiffness. This difference challenges 
whether the use of questions including aching and stiffness 
may overestimate pain. The original foot pain question in 
the Chingford 1000 Women Study allowed for a categorical 
response of 0, 1–5, 6–14, and 15+ days. For the purposes of 
standardization with the remaining 4 cohorts in this study, all 
of which used a foot pain duration of “most days,” a cutoff of 
15+ days was chosen to represent most days in the Ching-
ford 1000 Women Study. This cutoff point was identical to that 
used in a previous study to represent painful knee OA (28). 
However, because no explicit number of days was provided 
to participants in the Chingford 1000 Women Study to repre-
sent “most” days, it cannot be assumed that all participants 
would classify 15+ days as most days. A sensitivity analysis 
was therefore undertaken to estimate the prevalence of foot 
pain, with an adjusted cutoff point of 6+ days, to capture par-

ticipants who answered 6–14 days. The prevalence of foot 
pain increased from 12.5% (15+ days) to 18% (6+ days), thus 
highlighting the sensitivity in prevalence estimates according 
to the question response components.

The prevalence of foot pain generally increased with age 
and was much lower in younger participants (ages 20–44 years) 
compared to those older than age 45 years. This increase is con-
sistent with that observed in previous studies (7,23). Although 
differences in foot pain prevalence can be seen in each decade 
above the age of 45 years, overlapping 95% CIs suggest there 
is little difference in these prevalence estimates. Results of a sys-
tematic review and a survey study showed a stronger positive 
association of foot pain with age among women compared with 
men (7,9). This may in part be due to sex differences in pain 
perception, because women are known to report more severe 
levels of pain, more frequent pain, and pain of longer duration 
compared to men (25,27). In addition, the higher frequency of 
pain- related conditions such as OA is seen more commonly in 
women and older persons (29).

In all cohorts, the prevalence of foot pain was highest in 
participants classified as obese. Foot pain was more prevalent 
at the lower and upper extremes of the BMI in the Johnston 
County Osteoarthritis Project, the Clinical Assessment Study 
of the Foot, and the North West Adelaide Health Study; how-
ever, small numbers of participants and wide 95% CIs in the 
low BMI category (<18.5 kg/m2) suggest that these estimates 
should be interpreted with caution. The prevalence of foot pain 
increased incrementally with increasing BMI in the Framing-
ham Foot Study. Previous cross- sectional studies have also 
demonstrated associations between increasing BMI and foot 
pain (31,32), in particular fat mass (30,32). There is also evi-
dence from longitudinal studies that BMI is a predictor of inci-
dent foot pain over 5 years (33), and fat mass is a predictor of 
incident foot pain over 3 years (34).

Race data were largely limited to the white demographic, 
with foot pain prevalence lower in both UK cohorts than in the 
US cohorts. In the bi- racial cohort of the Johnston County 
Osteoarthritis Project, the occurrence of foot pain was sim-
ilar between whites and African Americans. Within the Clini-
cal Assessment Study of the Foot, the prevalence of foot pain 
was similar between African Caribbeans and whites. It was 
highest in Africans and lowest in Asians and others; however, 
interpretation of these findings is limited, because only 2% of 
the sample were racial/ethnic minorities (non- white). Previous 
studies also showed significant racial/ethnic differences in the 
prevalence of common foot disorders, independent of sex or 
education. Two previous studies using data not included in the 
current study also demonstrated differences between races. In 
the Feet First study, the total number of foot conditions such 
as toe deformities, flat feet, corns, calluses, skin pathologies, 
and ankle joint pain were found to be more prevalent in Afri-
can Americans than in non- Hispanic whites and Puerto Ricans 
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(35). In the Women’s Health and Aging Study, significant differ-
ences in pain severity were found between races, with more 
foot pain observed in African American than in non- African 
American participants (36).

It has been suggested that the differences in health condi-
tions between racial and ethnic groups could be attributable to 
different levels of access to healthcare, different rates of chronic 
conditions (such as diabetes mellitus, obesity, or vascular disease) 
possibly associated with foot ailments, early life experiences, or 
occupational patterns that differ among groups independent of 
education (35). Because ethnicity is the term given for the culture 
of people in a given geographic region, including but not limited to 
language, religion, and customs, it would be beneficial to consider 
the role of ethnicity in the investigation of pain and/or chronic con-
ditions. Further work is required to determine the etiologic factors 
for such differences.

The greatest challenge when comparing data across popu-
lation cohorts is the heterogeneity that exists across factors such 
as recruitment methods, data collection time points, and variable 
definitions. Even when comparable variable definitions are used, 
there is often further heterogeneity in the measures used to col-
lect data and the parameters of each variable. The main limitation  
in the current study was the variation in questions used to deter-
mine the presence of foot pain, particularly the duration of pain and 
the question response components, as shown from the response 
categories for the original pain questions in the  Chingford 1000 
Women Study. The results of a recent study showed that the 
variation in wording in National Health and Nutrition Examination 
Survey (NHANES)–type pain questions can result in variation in 
the prevalence of pain between 41% and 75% (13). Although 
the NHANES- type questions were designed to capture joint pain 
related to OA, we cannot confidently confirm the cause of foot 
pain in all participants.

Participants in the Chingford 1000 Women Study and the 
Framingham Foot Study are predominantly white; therefore, 
results cannot be generalized to other races. Similarly, the 
Chingford 1000 Women Study is a women- only cohort. Coun-
try of birth, but not race, was collected in the North West Ade-
laide Health Study. Those born in Australia were asked whether 
they are aboriginal or Torres Strait Islander (ATSI); however, only 
11 individuals identified as an ATSI in stage 2. Country of birth 
does not represent the race categories used in the remaining 
4 cohorts. The North West Adelaide Health Study has a pre-
dominantly white sample; therefore, country of birth was not 
included in the analysis.

Johnston County, North Carolina, is a semirural area in the 
southern US that includes a greater proportion of lower- income 
residents than that observed in the populations from which other 
cohorts in the current study were derived (37). Foot pain frequency 
estimates for the Johnston County Osteoarthritis Project may be 
higher than those for other cohorts, because lower socioeco-
nomic status is associated with a greater prevalence of musculo-

skeletal pain in adults (38,39). We do expect that the prevalence 
of foot pain is likely high in the US, given that the cohort from 
Framingham, Massachusetts, has the second highest foot pain 
prevalence across these cohorts. In addition, high BMI, which is 
also a factor associated with foot pain (33), is more common in 
the Johnston County Osteoarthritis Project than in other cohorts.

Year 15 follow- up was chosen in the Chingford 1000 Women 
Study due to the availability of a foot pain question at this time 
point. The inability to use baseline data resulted in a smaller sam-
ple size than that at the original baseline. Those who did not attend 
the year 15 follow- up tended to be older and have a higher BMI 
at baseline compared to year 15 attendees who were selected 
for this study. For the Clinical Assessment Study of the Foot, 
response to the baseline health questionnaire was lower than 
expected (56%). However, responders did not differ greatly from 
the original mailed population by age, sex, or general practice (40). 
In the Johnston County Osteoarthritis Project, generally persons 
who did not return for the first follow- up visit tended to be older, 
less educated, and more likely to be male and African American. 
In the North West Adelaide Health Study, stage 2 data collection 
was used for foot pain, because this was the first time muscu-
loskeletal questions were asked in the cohort. Participants who 
failed to provide information at stage 2 tended to be younger, and 
the number of men was slightly higher than the number of women.

The strengths of this study are that the results are based on 
data derived from population- based prospective observational 
cohorts, therefore enhancing generalizability and reducing the 
chance of selection bias. This study analyzed original participant 
data and was therefore not limited to the publication bias inher-
ent when analyzing previously published results. Although most 
studies within a standard meta- analysis use a variety of definitions 
of outcomes, the current study was able to minimize this varia-
tion by choosing similar questions at selected time points. This 
approach can be expanded to other time points and for other 
variables to enable longitudinal individual participant data meta- 
analysis to identify risk factors for foot pain and associated con-
ditions. Although the wording of pain questions differed for 2 of 
the cohorts, all 5 cohorts used questions that were specific to 
self- reported foot pain.

This study provides useful comparisons of foot pain between 
5 population cohorts. The comparisons showed that  irrespective 
of geographic location, the prevalence of foot pain is higher 
among persons who are obese and lower in younger participants 
(ages 20–44 years). Although the prevalence of foot pain was 
lower in the younger population, it is important to recognize that 
foot pain does occur in this age group, which may warrant further 
investigation and clinical attention. Between- cohort data for race 
were limited; however, within- cohort results showed foot pain was 
potentially more prevalent in African Americans. Foot pain was 
also more prevalent in women than in men.

This study also highlights variation between cohorts in 
the manner in which pain data are collected. A degree of the 
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 variation in prevalence between cohorts may, at least in part, 
be  attributable to the sensitivity of different definitions of pain. 
In particular, it is important to consider the effect that including 
all the components of pain, aching, or stiffness in one question 
may have on estimating the prevalence of pain only. Future pop-
ulation studies should use more consistent measures of data 
collection, and the role of question response categories should 
not be underestimated. Agreement on a standardized set of 
key questions about foot pain and measures would be useful 
for future prospective data collection phases within existing and 
newly establishing cohorts.
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Relationship of Cigarette Smoking and Alcohol 
Consumption to Incidence of Systemic Lupus 
Erythematosus in a Prospective Cohort Study of 
Black Women
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Objective. Systemic lupus erythematosus (SLE) affects black women more frequently than other racial/gender 
groups. In past studies, largely consisting of white and Asian cohorts, cigarette smoking was associated with in-
creased SLE risk, and moderate alcohol consumption was associated with decreased SLE risk. The aim of this study 
was to assess associations of smoking and alcohol consumption with the risk of incident SLE among black women, 
using data from a long- term, prospective, follow- up study.

Methods. The Black Women’s Health Study enrolled 59,000 black women in 1995 and collected data on demo-
graphics, health status, and medical and lifestyle variables. Follow- up questionnaires that were given every 2 years 
identified incident disease and updated risk factors. Cases of incident SLE that met the American College of Rheu-
matology revised criteria for SLE as updated in 1997 were confirmed through medical record review. Cox regression 
models were used to estimate hazard ratios (HRs) and 95% confidence intervals (95% CI) for associations of ciga-
rette smoking and alcohol intake with incidence of SLE.

Results. A total of 127 incident SLE cases from 1995 to 2015 (mean age 43 years at diagnosis) were confirmed. 
Compared to never smokers, the risk of SLE among ever smokers was elevated, but not significantly (HR 1.45 [95% 
CI 0.97–2.18]). Risk was similar for current and past smoking and increased nonsignificantly with increasing pack- 
years. The HR was 0.71 (95% CI 0.45–1.12) for current drinking relative to never drinking, with a HR of 0.43 (95% CI 
0.19–0.96) for ≥4 drinks/week.

Conclusion. Findings from this large study of SLE risk among black women are consistent with previous results 
from studies in other populations of increased risk of SLE associated with cigarette smoking and decreased risk with 
moderate alcohol consumption.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a multisystem auto-
immune disease that affects black individuals more frequently than 
white individuals, and women more frequently than men (1–4). 
The mean age at onset is also younger among black individuals 
(4–6). The role of environmental factors in the pathogenesis of SLE 
is of great interest because genetic factors do not explain a major 
portion of the incidence.

Cigarette smoking has been associated with SLE risk in sev-
eral, but not all, past studies (7–12). Two past meta- analyses of 
these studies have pointed to current smoking, more than past 
smoking, as increasing SLE risk (13,14). A recent prospective 
study (10) demonstrated an increased risk of anti–double- stranded 
DNA positive (anti- dsDNA+) SLE, but not overall SLE, with current 
smoking. Components from cigarette smoke are associated with 
adverse effects on immune function and damage to proteins and 
DNA (15–17). Several studies have reported inverse associations 
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of alcohol with SLE (7,9,18), and long- term moderate alcohol con-
sumption has been prospectively associated with reduced SLE 
risk among women in the Nurses’ Health Studies (19). Moderate 
alcohol consumption has an antiinflammatory effect and has also 
been associated with reduced risk of rheumatoid arthritis (20). 
Most previous studies have investigated SLE risk among predom-
inantly white or Asian populations.

In view of the disproportionate occurrence of SLE among 
black women, studies identifying modifiable risk factors in this 
racial/gender group are particularly needed. The present study 
reports an updated prospective analysis of cigarette smoking 
and alcohol consumption in relation to incidence of SLE in the 
Black Women’s Health Study (BWHS), a follow- up study of black 
women from across the US. In an earlier analysis of the BWHS 
(12) that was based on 67 self- reported cases of SLE that were 
identified between 1995 and 1999, current and past smoking 
were associated with nonsignificant increases in incidence, and 
there was no association with alcohol consumption. Of the 67 
BWHS cases included in that analysis, 34 were confirmed by 
medical record review to have fulfilled ≥3 of the American Col-
lege of Rheumatology (ACR) revised criteria for SLE as updated in 
1997 (21) . The present study is based on 127 cases of SLE that 
were identified during follow- up in the BWHS (1995 to 2015), all of 
which were confirmed through medical records as having fulfilled 
≥4 of the ACR criteria for SLE (21) . We hypothesized that current 

cigarette smoking and increased pack- years of smoking would 
be associated with increased SLE risk and that moderate alcohol 
consumption would be associated with decreased SLE risk.

MATERIALS AND METHODS

Data collection. The BWHS is a prospective cohort 
study that began in 1995. A total of 64,500 women ages 
21–69 years (median age 38 years) enrolled by completing a 
14- page postal health questionnaire on demographics, health 
status, and medical and lifestyle variables (22,23). The 59,000 
women whose addresses were considered to be valid a year 
later comprise the cohort that has been followed. Participants 
self- identified as “black” and reside across the continental US, 
with approximately equal numbers from the Northeast, South, 
Midwest, and West. They have been followed from baseline, 
using biennial health questionnaires and yearly linkage with the 
National Death Index. Follow- up of the original cohort has been 
successful for >85% of potential person- years through 2015. 
Participants indicated their consent by choosing to fill out the 
questionnaires, and medical records to verify diagnoses were 
obtained for women who signed informed consent. The study 
was approved by the Institutional Review Board of Boston Uni-
versity Medical Center.

The baseline questionnaire asked about many health- related 
factors, including cigarette smoking, alcohol intake, dietary intake, 
height and weight, reproductive history, oral contraceptive and 
menopausal female hormone use, and a list of diagnoses that 
included “lupus” (24). Every biennial questionnaire since the base-
line has asked about lupus (SLE) and the date of diagnosis.

At baseline, participants reported cigarette smoking (≥1 cig-
arette per day for at least a year currently or in the past), number 
of cigarettes smoked per day for both current and past smok-
ers, and years of smoking. Smoking status and the number of 
cigarettes smoked per day by current smokers was updated on 
biennial follow- up questionnaires. Pack- years of smoking were 
calculated as the product of the years of smoking and the number 
of cigarette packs (number of cigarettes divided by 20) smoked 
per day.

At baseline, participants reported whether they drank alco-
holic beverages (beer, wine, wine cooler, and liquor) currently or 
in the past, the number of years of drinking, and the number of 
drinks per week consumed in the previous year. Follow- up ques-
tionnaires updated the number of alcoholic beverages consumed 
per week for current drinkers.

Information at baseline was also collected on height and 
weight, from which body mass index (BMI) was computed (kg/
m2). Additional information obtained included years of education 
completed, menopausal status, oral contraceptive use, and men-
opausal female hormone use. A food frequency questionnaire 
was also completed (24). All variables except height were updated 
on follow- up questionnaires.

SIGNIFICANCE & INNOVATIONS
• Cigarette smoking has been associated with in-

creased systemic lupus erythematosus (SLE) risk 
and alcohol consumption has been associated with 
decreased SLE risk in some epidemiologic studies.

• Previous epidemiologic studies evaluating smok-
ing and alcohol consumption as risk factors for SLE 
have been based almost entirely on white or Asian 
populations.

• To our knowledge, the present prospective cohort
study is the largest investigation to date of the as-
sociation of these risk factors with risk of SLE in 
black women.

• In this study, cigarette smoking was associated with
a nonsignificant increase in SLE risk and current al-
cohol consumption of ≥4 drinks per week was asso-
ciated with a significant decrease in risk.

• The results of the present study are consistent with
an increase in risk associated with cigarette smok-
ing and a decrease in risk associated with alcohol 
consumption. The identification of risk factors for 
SLE is especially important for black women, a pop-
ulation at high risk of SLE.
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SLE cases, data collection. Potential SLE cases were 
identified through self- report. The physicians of women who had 
given consent were asked to provide relevant medical records 
or to fill out a checklist that asked about the presence of SLE 
according to the ACR criteria for SLE (21,25). We obtained med-
ical records or checklists for 240 women. Medical record review 
by study rheumatologists confirmed the presence of SLE in 127 
of these women, who had ≥4 of the ACR criteria for SLE. Brigham 
and Women’s Hospital rheumatologists (including MB, KHC, CL, 
and SKT) reviewed medical records for all ACR criteria manifes-
tations for a random sample of 62 incident and prevalent cases 
and compared results with prior abstractions. For these cases, 
a very high kappa agreement level between any two different 
reviewers was confirmed (0.96 [95% confidence interval (95% CI)  
0.89–1.00]). An additional 30 cases were reviewed due to noted 
inconsistencies within their prior abstraction, and any records with 
discrepancy between the result of the original and new abstractions 
(n = 13) were adjudicated by a Brigham and Women’s Hospital  
rheumatologist. Lastly, 4 new cases were reviewed independently 

by 2 of the 4 Brigham and Women’s Hospital rheumatologists  
who were available for review (MB, KHC, CL, SKT), followed by 
a third review to adjudicate any discrepancies. Medical record 
review also determined anti- dsDNA and anti- Sm antibody status 
at the time of SLE diagnosis. In addition to SLE overall, a second-
ary outcome comprised cases classified as anti- dsDNA+ and/or 
anti- Sm+ (anti- dsDNA+/Sm+) was also assessed in our  analyses. 
From the baseline cohort of 59,000 women, we excluded 755 
women who reported a diagnosis of SLE at baseline, 1,331 
women with missing information on smoking variables at base-
line, and 362 women with missing information on alcohol intake at 
baseline, leaving an analytic cohort of 56,552 women.

Statistical analysis. Cox proportional hazards regres-
sion was used to estimate HRs and 95% CIs for the asso-
ciation of smoking status (ever, current, past) and pack- years 
of smoking with SLE, relative to never smoking. Similarly, we 
assessed the association of alcohol consumption status (ever, 
current, past) and current drinks per week with SLE, relative to 

Table 1. Baseline characteristics of 56,552 Black Women’s Health Study participants by smoking and alcohol status*

Smoking Alcohol consumption

Never Past Current Never Past Current

Participants at baseline, no. 37,254 10,447 8,851 32,296 10,255 14,001
Mean age, years 36.8 44.4 40.8 37.6 41.5 39.7
Mean BMI, kg/m2 27.9 28.8 27.8 27.9 28.9 27.6
Energy intake, kcal/day 1,489 1,587 1,669 1,473 1,652 1,583
Education ≥16 years 50 40 28 49 36 42
Neighborhood SES, quintiles

1, low 17 18 26 17 22 19
2 18 18 21 18 20 18
3 18 18 18 19 18 18
4 19 19 15 19 17 18
5, high 20 19 13 19 15 20

Alcohol intake
Never 69 30 32 – – –
Past 13 32 22 – – –
Current 17 38 46 – – –

Premenopausal 77 76 75 – – –
Ever oral contraceptive use 83 87 85 – – –
Ever female hormone use 14 16 17 – – –
Smoking

Never – – – 79 49 45
Past – – – 11 32 27
Current – – – 10 19 28

Premenopausal – – – 77 75 76
Ever oral contraceptive use – – – 82 85 87
Ever female hormone use – – – 14 16 16

* Values are the percent of participants, unless indicated otherwise. Percentages are standardized to the age distribution of the cohort at 
baseline. BMI = body mass index; SES = socioeconomic status. 
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never drinking. Because HRs approximate the incidence rate 
ratio, the term “risk” was used to imply hazard. Women con-
tributed person- years from baseline (1995) until SLE diagnosis, 
death, loss to follow- up, or end of follow- up (2015), whichever 
came first. Women who reported having SLE but for whom we 
were unable to obtain medical records to confirm the diagno-
sis were censored at the date of self- report. Smoking, alcohol, 
and other time- varying variables were updated each ques-
tionnaire cycle. For example, a current smoker in a particular 
questionnaire cycle contributed person- years to the current 
smoking category. If she reported zero cigarettes smoked on 
the subsequent questionnaire, her person- years starting with 
that questionnaire contributed to the past- smoking category. 
We also evaluated smoking and alcohol association in relation 
to anti- dsDNA/Sm antibody status at diagnosis. The Cox mod-
els controlled for age in 1- year intervals and by questionnaire 
cycle. In addition to terms for smoking and alcohol consump-
tion, the multivariable models contained terms for BMI, ever 
use of oral contraceptives, menopausal status, ever use of 
menopausal female hormones, quintile of energy intake, years 
of education, and quintile of neighborhood socioeconomic 
status score. The latter score was derived from data obtained 
by linking the womens’ addresses to US Census block data 
on wealth, income, and education; lower scores denote lower 
socioeconomic status (26). Our main analyses considered 
the variables of interest in relation to the occurrence of SLE 
2 or more years later. Because SLE can develop slowly over 
a period of years (in a sensitivity analysis), the exposure of 
interest was “lagged” with respect to the outcome, and thus 
we considered risk factors in relation to SLE with onset at least 
4 years later.

RESULTS

Age- adjusted baseline characteristics of study partici-
pants categorized by smoking and alcohol intake status are 
shown in Table 1. At baseline, 8,851 women (16%) were cur-
rent smokers and 10,447 women (18%) were past smokers. 
Menopausal status, oral contraceptive use, postmenopausal 
female hormone use and BMI did not vary substantially across 
smoking status categories. Past and current smokers were 
older than never smokers and also had higher energy intake 
levels. The percentage of women who completed college was 
highest among never smokers (50%) and lowest among cur-
rent smokers (28%). Current smoking was also greater among 
women living in neighborhoods with the lowest socioeconomic 
status. At baseline, 14,001 participants (25%) were current 
drinkers and 10,255 (18%) were past drinkers. Current alco-
hol drinking was highest among current smokers (46%). Past 
and current alcohol drinkers were older and had higher energy 
intake than never drinkers. The percentage of women who 
completed college was highest among never drinkers (49%) 

and lowest among past drinkers (36%). BMI, menopausal sta-
tus, oral contraceptive use, postmenopausal hormone use, 
and neighborhood socioeconomic status were similar across 

alcohol intake categories.
The cohort of individuals with SLE consisted of 127 cases 

who were identified during follow- up and for whom medical record 
and checklist review by study rheumatologists confirmed the 
presence of ≥4 ACR criteria for SLE (Table 2). For the 127 cases, 
the mean age at diagnosis was 43 years, 48% were positive for 
anti- dsDNA or anti- Sm, 64% had a hematologic disorder, and 
31% had a renal disorder. The mean ± SD number of ACR criteria 

was 5.1 ± 1.3.
In multivariable analyses, ever smoking compared to never 

smoking was associated with a nonsignificantly increased risk of 
developing SLE (HR 1.45 [95% CI 0.97–2.18]) (Table 3). Com-
pared to never smoking, the point estimate of the risk of SLE 
associated with current smoking (multivariable HR 1.52 [95% 
CI 0.90–2.57]) was somewhat higher, but not significantly so, 
than that for past smoking (multivariable HR 1.41 [95% CI 0.87–
2.28]). The multivariable HR associated with <20 pack years of 
smoking (1.37 [95% CI 0.89–2.11]) was lower than that for ≥20 
pack years (1.60 [95% CI 0.79–3.25]), but this difference was 
also not significant. In a “lagged” analysis in which ever smoking 
was considered in relation to SLE occurring at least 4 years later, 
the risk estimate (multivariable HR 1.46 [95% CI 0.91–2.34]) was 
similar to that in the nonlagged analysis. Among the 61 SLE 
cases that were positive for anti- dsDNA and/or anti- Sm antibod-
ies, there were 18 ever smokers; there was no association of 
ever smoking with this category of SLE (multivariable HR 1.00 

[95% CI 0.54- 1.84]) (data not shown).
As shown in Table 4, the multivariable HRs for current and 

past drinking, relative to never drinking, were 0.71 (95% CI 0.45–
1.12) and 0.78 (95% CI 0.50–1.25), respectively. For current 

Table  2. Characteristics of participants at SLE diagnosis in the 
Black Women’s Health Study (n = 127)*

Characteristic Value

Age, mean ± SD years 43 ± 8.2
ANA positive 123 (97)
Anti- dsDNA or anti- Sm positive 61 (48)

Anti- dsDNA only 37 (29)
Anti- Sm only 10 (8)
Anti- dsDNA and anti- Sm 14 (11)

Arthritis 101 (80)
Hematologic disorder† 82 (64)
Renal disorder 39 (31)
No. ACR criteria (of 11), mean ± SD 5.1 ± 1.3

* Values are the number (%) of cases, unless indicated otherwise. 
ANA = antinuclear antibody; anti- dsDNA = anti- double–stranded 
DNA; ACR = American College of Rheumatology. 
† Disorders included leukopenia, lymphopenia, thrombocytopenia, 
hemolytic anemia. 
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drinking of ≥4 drinks per week, the multivariable HR was 0.43 
(95% CI 0.19–0.96). In a lagged analysis, an inverse association 
for current drinking of ≥4 drinks per week with SLE (HR 0.33 
[95% CI 0.12–0.95]) was similar to that in the main analysis. In 
analyses based on 61 SLE cases positive for anti- dsDNA and/
or anti- Sm, there were 14 current drinkers and 11 past drinkers. 
The multivariable HRs were 0.73 (95% CI 0.38–1.39) for current 
drinking and 0.60 (95% CI 0.30–1.23) for past drinking, com-

pared to never drinking (data not shown).

DISCUSSION

In the present study of women in the Black Women’s Health 
Study, there was an estimated 45% increase in risk of SLE for 
ever smoking relative to never smoking, but the finding was of 
borderline statistical significance. Moderate current alcohol con-
sumption, measured as ≥4 drinks per week, was associated with 
a 57% reduction in SLE risk. To our knowledge, no previous stud-
ies have reported prospective results separately for black women, 
except for the earlier small study from the BWHS (12).

The findings revealed in our study extend previous findings 
from the BWHS. The current analysis included 127 cases that 
were classified as definite lupus because they fulfilled ≥4 ACR cri-
teria as determined by medical record review. In a previous valida-
tion study (27), our group reported that 41% of women who self- 

reported SLE, for whom we were able to obtain medical records 
or checklists, did not have definite lupus as defined by ≥4 ACR 
criteria. Thus, the case group of the present study is less likely to 
be diluted with noncases, which was a possibility in the previous 
analysis of the BWHS study by Formica et al (12). Furthermore, 
the study by Formica et al followed BWHS participants from 1995 
to 1999 (12), whereas the current analysis followed them from 
1995 to 2015. The additional years of follow- up of the present 
study, which resulted in a greater number of cases, provides 
greatly improved statistical power.

In the present study, SLE risk was greater among current 
smokers (52% elevated risk) than among past smokers (41%), 
and greater for ≥20 pack- years of smoking (60%) than for <20 
pack- years of smoking (37%), although none of these differences 
were statistically significant. The estimated increases in risk among 
smokers are consistent with increases in risk estimated in several 
previous studies of black, white, and Asian populations. A case- 
control study of black female participants by Williams et al (28) 
demonstrated that 60% of cases (n = 41) and 34.7% of controls 
(n = 83) were past or current smokers. An earlier study by  Williams 
et al reported the prevalence of smoking to be 18% among 28 
cases and 15% among 73 controls (29). Two meta- analyses 
demonstrated a 50%–60% increase in SLE risk among current 
smokers (13,14) in relation to past smokers, and other case- 
control studies have demonstrated an increased risk among both 

Table 3. Cigarette smoking in relation to risk of incident SLE among women in the Black Women’s Health Study*

Smoking Cases, no. Person- years Age- adjusted HR† MV- adjusted HR‡ 95% CI

Never smoked 81 610,444 1.00 (ref) 1.00 (ref) –
Ever smoked 46 317,638 1.23 1.45 (0.97–2.18)

Current 20 116,338 1.25 1.52 (0.90–2.57)
Past 26 201,250 1.22 1.41 (0.87–2.28)

<20 pack- years 36 248,725 1.19 1.37 (0.89–2.11)
≥20 pack- years 10 68,913 1.43 1.60 (0.79–3.25)

* 95% CI = 95% confidence interval. SLE = systemic lupus erythematosus; ref. = reference.
† Age- adjusted hazard ratio (HR) was also adjusted for questionnaire cycle. 
‡ Multivariable (MV) adjusted in addition for alcohol consumption, body mass index, ever use of oral contraceptives, menopaus-
al status, ever use of menopausal female hormones, quintile of energy intake, years of education, and quintile of neighborhood 
socioeconomic status score. 

Table 4. Alcohol drinking in relation to incidence of SLE among women in the Black Women’s Health Study*

Drinking Cases, no. Person- years Age- adjusted HR† MV HR‡ 95% CI

Never drank 67 394,902 1.00 (ref) 1.00 (ref)
Past drinker 29 251,324 0.86 0.78 (0.50–1.25)
Current drinker 31 281,855 0.78 0.71 (0.45–1.12)

1–3 drinks/week 24 186,826 0.94 0.87 (0.53–1.41)
≥4 drinks/week 7  95,029 0.49 0.43 (0.19–0.96)

* SLE = systemic lupus erythematosus; 95% CI = 95% confidence interval; ref. = reference.
† Age- adjusted hazard ratio (HR) was also adjusted for questionnaire cycle. 
‡ Multivariable (MV) adjusted in addition for cigarette smoking, body mass index, ever use of oral contraceptives, menopaus-
al status, ever use of menopausal female hormones, quintile of energy intake, years of education, and quintile of neighbor-
hood socioeconomic status score. 
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current and past smokers (7,30). In a recent prospective study 
using the Nurses’ Health Study cohorts (10), current  smoking 
was associated with a specific subtype of SLE characterized by 
 anti- dsDNA antibodies (HR 1.86 [95% CI 1.14–3.04]), but not with 
SLE overall. Based on lower values in the present study, there was 
no association of current smoking with the subtype of SLE char-
acterized by anti- dsDNA and/or anti- Sm antibodies.

In the present study, current and past alcohol consump-
tion were both associated with nonsignificant reductions in inci-
dence of SLE at 29% and 21%, respectively. Among current 
drinkers who had ≥4 drinks/week (the top category), there was 
a 57% risk reduction for SLE. Information was not available 
regarding the number of drinks consumed per week by past 
drinkers. Virtually all the drinkers in the BWHS were “moder-
ate” drinkers, as almost none reported consuming ≥7 drinks 
per week. The reduced risk estimated for current drinkers in the 
present study is consistent with estimates for moderate drink-
ing from previous studies, including a meta- analysis of 6 case- 
control studies, our prior study of a BWHS cohort (OR 0.72 
[95% CI 0.55–0.95]), and a recent prospective study using the 
Nurses’ Health Study cohorts (HR 0.57 [95% CI 0.34–0.96]; P 
for trend < 0.01) (9,19).

The demonstrated associations of both cigarette smoking 
and alcohol intake with SLE risk are biologically plausible and 
may lead to insights into SLE pathogenesis. Exposure to toxic 
components from cigarette smoke (e.g., tars, nicotine, carbon 
monoxide, polycyclic aromatic hydrocarbons, and free radicals) 
is associated with increased oxidative stress, stimulation of 
autoantibody production, and can directly damage endogenous 
proteins and DNA (31–33). Alcohol suppresses synthesis of 
proinflammatory cytokines (tumor necrosis factor, interleukin- 6, 
interleukin- 8) (34). Additionally, antioxidants in alcohol such as 
resveratrol or humulones influence cytokines and may inhibit 
DNA synthesis (35,36). Furthermore, both cigarette smoking 
and alcohol intake may induce epigenetic changes in the genes 
involved in inflammation and autoimmunity (37–39).

To our knowledge, the present study is the largest  analysis 
yet of SLE risk among black women, whose prevalence of 
SLE is the highest compared to other race/ethnic groups  
(1–4). Other strengths of our study include the confirmation of 
the SLE diagnoses through medical records and control for 
potential confounders. The time- varying analyses took into 
account changes in the variables of interest and of potential 
confounders over time. Prospective data collection reduced 
the possibility that the reporting of the exposures of interest 
was influenced by SLE disease status. We also conducted 
sensitivity analyses in which we “lagged” exposure time rela-
tive to the outcome, accounting for the possibility of reverse 
causation. The use of incident cases reduced the possibility of 
bias resulting from behavior modification subsequent to dis-
ease onset. Estimates from the lagged analyses demonstrated 
that the observed effects of smoking or alcohol on SLE were 

not altered by behavioral changes in the period immediately 
preceding SLE diagnosis. As expected, cigarette smoking 
has been associated with asthma (40) and lung cancer (41) in 
the BWHS and alcohol consumption with incidence of type 2 
diabetes (42). In addition, each is associated with correlates 
in the directions expected—e.g., smoking with lower educa-
tional level and alcohol consumption with cigarette smoking. 
All these associations provide support for the valid reporting of 
these habits in the BWHS.

Limitations of the current study included the relatively 
small number of confirmed cases in the cohort, which limited 
statistical power. Prevalent SLE that was reported at base-
line or within the first questionnaire cycle of the cohort had 
to be excluded from these analyses as we were unable to 
collect exposure information prior to the diagnoses. Smoking 
and alcohol use were relatively uncommon among women 
in the BWHS cohort, which also limited statistical power to 
detect associations or investigate interactions. Although we 
had extensive data on alcohol exposures, we were unable 
to assess type of alcohol consumed (such as beer, wine, or 
 liquor).

The findings from the present study in black women, 
whose demographic group is at the highest risk of SLE in the 
US population, are consistent with the previously reported 
positive association of cigarette smoking with risk of SLE and 
inverse association of alcohol consumption with SLE. Future 
studies are needed to confirm these findings and establish the 
biologic mechanisms by which cigarette smoking and alcohol 
consumption influence the risk of SLE in this population and 
others.
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Efficacy of Systolic Extinction Training in Fibromyalgia 
Patients With Elevated Blood Pressure Response to Stress: 
A Tailored Randomized Controlled Trial
Kati Thieme,1 Tina Meller,1 Ulrika Evermann,1 Robert Malinowski,1 Marc G. Mathys,1 Richard H. Graceley,2 
William Maixner,3 and Dennis C. Turk4

Objective. An intrinsic pain regulatory system is modulated by both cardiovascular dynamics that influence 
 baroreflex sensitivity (BRS) and is diminished in fibromyalgia (FM). Baroreceptors relay cardiovascular output to the 
dorsal medial nucleus tractus solitarius reflex arcs that regulate pain, sleep, anxiety, and blood pressure. The aim of 
this study was to evaluate the effects of systolic extinction training (SET), which combines operant treatment (OT) 
with baroreflex training (BRT). BRT delivers peripheral electrical stimulation within a few milliseconds of the systolic 
or diastolic peak in the cardiac cycle. In addition, we compared SET to OT–transcutaneous electrical stimulation 
(TENS) independent of the cardiac cycle and aerobic exercise (AE)–BRT in FM patients with elevated blood pressure 
responses to stress.

Methods. Sixty- two female patients with FM were randomized to receive either SET (n = 21), OT- TENS (n = 20), or 
AE- BRT (n = 21). Outcome assessments were performed before treatment (T1), after 5 weeks of treatment (T2), and 
after the 12- month follow- up (T3).

Results. In contrast to patients receiving OT- TENS or AE- BRT, those receiving SET reported a significantly greater 
reduction in pain and pain interference (all P < 0.01) that was maintained at the 12- month follow- up. Clinically mean-
ingful pain reduction at T3 was achieved in 82% of patients in the SET group, 39% of those in the OT- TENS group, 
and only 14% of those in the AE- BRT group. Patients in the SET group showed a significant increase (57%) in BRS 
following treatment, while neither the AE- BRT group or the OT- TENS group showed significant changes over time.

Conclusion. SET resulted in statistically significant, clinically meaningful, and long- lasting pain remission and 
interference compared to OT- TENS and AE- BRT. These results suggest that BRS modification is the primary mecha-
nism of improvement. Replication of our results using larger samples and extension to other chronic pain conditions 
appear to be warranted.

INTRODUCTION

Fibromyalgia (FM) is characterized by chronic pain, sleep 
problems, and fatigue. FM has significant heterogeneity in central 
mechanisms (1) as well as genetic (2), endocrine (3), and auto-
nomic factors. Cardiovascular response patterns (hypertonic and 
hypotonic) (4,5), sudomotor, muscular reaction (5,6), and psycho-
logical characteristics (7,8) differ.

Stress and pain have been shown to increase blood pres-
sure (BP) in a subgroup of FM patients with a hypertonic stress 

response (5). Increased BP in the carotid arteries activates mech-
anosensitive baroreceptors that relay cardiac cycle events to the 
dorsal medial nucleus tractus solitarius (dmNTS) (Figure 1), which 
regulates pain, sleep, anxiety, and BP and projects to other parts 
of the pain network (9–11).

An acute pain stimulus triggers an elevation in BP, which 
increases heart rate (HR), provoking analgesic biochemical 
responses. The efficacy of HR responses to BP changes can be 
measured by BRS (12,13), a biomarker for health of the dmNTS 
reflex arcs and autonomic nervous system (14,15). In pain- free 
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individuals, acute pain produces a sympathetically driven analgesic 
response that decreases BP back to normal levels through para-
sympathetic activation (14,16). In contrast, in patients with chronic 
pain who have a hypertensive stress response, pain increases 
with elevated BP (5). The pain regulatory system is impaired due 

to diminished BP variability and NTS reflex arc responses (17–19), 
which reduces the intrinsic analgesic response to peripheral nox-
ious input (14,20). Long- term stress produces persistent hyper-
tension, a learned decrease in BRS, and persistent widespread 
pain (17,18,21). Almost one- half (48%) of FM patients demon-
strate dysfunctional BP stress responses (5,11).

Patients with a hypotonic stress response often report only 
moderate pain, whereas patients with a hypertonic stress response 
report high levels of pain, interference, anxiety, pain behaviors, and 
low levels of physical activity (21). Response to treatment is sim-
ilarly variable (22,23). These heterogeneous responses suggest 
not only differing mechanisms for the development and mainte-
nance of FM but also the need for differential treatment.

Operant therapy (OT) (24) focuses on the extinction of pain 
behaviors and the development of adaptive behaviors. FM patients 
with extensive pain behaviors, solicitous spouse responses, phys-
ical impairment, and frequent physician visits appear to achieve 
the greatest benefit from OT, with responder rates of 64% after an 
inpatient OT and 53% after an outpatient OT. The strong effects 
of OT are accompanied by central changes (27) and normalization 
of the cardiovascular pain response, suggesting resetting of an 
intrinsic pain regulatory system (28).

Baroreflex training (BRT) stimulation (see below) is designed 
to improve BRS by delivering nonpainful, mildly noxious and 
severely noxious electrical stimulation after the systolic peak of 
the cardiac cycle (29). Systolic extinction training (SET) combines 
BRT, which improves BRS, with OT, which reduces pain behaviors 
and physical pain interference.

BRS can also increase with aerobic exercise (AE) (30). 
 Cardiovascular fitness training is believed to reactivate diminished 
BRS and improve metabolism and components of mental and 
physical relaxation relevant for pain reduction (31). AE has had 
success in multimodal rehabilitation in patients with FM, although 
with less long- term improvement (32).

Thus, activated BRS (after SET) relays signals to the 
dmNTS, which modulates brain network regions such as the 
hypothalamus and thalamus communicating with the amygdala 
and anterior cingulate cortex (ACC). OT modulates cortical areas 
 (somatosensory, insula, and ACC) of the pain network, commu-
nicating with the amygdala critically involved in pain perception 
and sleep (27). Thus, it is likely that SET modulates different 
pathways of pain modulation in contrast to OT- TENS, which 
modulates cortical areas only, and AE- BRT, which might modu-
late the brain stem only.

In the current study, we examined whether SET can restore 
arterial BRS in female patients with FM who have elevated 
 cardiovascular risk profiles (i.e., diabetes mellitus, older age, hyper-
cholesterolemia, and/or hypertension) compared to 2 other active 
treatments, OT combined with transcutaneous electrical nerve 
stimulation (OT- TENS) and AE- BRT. We hypothesized that despite 
multiple cardiovascular risk factors, SET would increase BRS, 
resulting in a reduction in reported chronic pain and improvement in 

SIGNIFICANCE & INNOVATIONS
• Systolic extinction training, which combines oper

ant treatment (OT) with baroreflex training (BRT), 
significantly reduced longterm pain and interfer
ence in 82% of patients receiving systolic extinction 
training.

• OT combined with transcutaneous electrical nerve 
stimulation showed 39% pain responders with 50% 
clinically significant pain reduction and did not re
activate baroreflex sensitivity.

• Aerobic exercise combined with BRT achieved 50% 
clinically significant pain reduction in only 14% of 
successfully treated patients, suggesting that the 
pain network did not successfully inhibit pain in pa
tients receiving this treatment.

• A clinically significant reduction in pain intensity was 
associated with increased baroreflex  sensitivity.

Figure  1. Nucleus tractus solitarius (NTS) reflex arcs. RFN = 
retrofacial nucleus; IML = intermediolateral cell column.
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physical function compared to combinations of treatments (i.e., OT- 
TENS and AE- BRT) that have been shown to have some positive 
effects in patients with FM. Our specific hypotheses were as follows: 

improved BRS will be significantly greater following SET and AE- 
BRT than after OT- TENS; SET and OT- TENS will produce significant 
improvements in pain and physical functioning  posttreatment; SET 

Table 1. Demographic and clinical characteristics of the patients (n = 128)*

Enrolled patients, treatment groups Patients not enrolled

P
SET 

(n = 21) 
OT- TENS 
(n = 20) 

AE- BRT 
(n = 21) 

FM with BP↓ 
(n = 50) 

FM with PD 
(n = 16)

Age, years 51.57 ± 9.06 
(34–67)

56.17 ± 9.82 
(40–79)

52.06 ± 10.49 
(35–74)

54.36 ± 12.06 
(28–68)

55.67 ± 12.00 
(28–79)

NS 
NS

Education, no. (%)
<10 years 13 (61.90) 14 (70.00) 14 (66.67) 32 (64.00) 10 (62.50)
13 years 4 (19.05) 3 (15.00) 6 (28.57) 5 (10.00) 3 (18.75) NS
University degree 4 (19.05) 3 (15.00) 1 (4.76) 13 (26.00) 3 (18.75) NS

Employment status, no. (%)
Working 11 (52.4) 9 (45.0) 14 (66.7) 42 (84.0) 8 (50.0)
Unemployed 0 (0.0) 0 (0.0) 1 (4.8) 4 (8.0) 0 (0.0)
Receiving workers compen-

sation
8 (38.1) 9 (45.0) 4 (19.0) 2 (4.0) 6 (37.5) 0.007†

Retired 2 (9.5) 2 (10.0) 2 (9.5) 2 (4.0) 2 (12.5) NS
Duration of pain, years 14.67 ± 14.32 

(2–49)
12.14 ± 9.32 

(1–28)
16.00 ± 7.04 

(4–27)
15.09 ± 12.62 

(2–41)
15.08 ± 11.78 

(1–38)
NS 
NS

No. of painful regions 8.55 ± 6.24 
(3–20)

6.67 ± 3.33 
(3–12)

4.45 ± 2.51 
(3–8)

3.20 ± 2.37 
(3–6)

10.50 ± 8.21 
(3–23)

0.04‡ 
NS

No. of tender points 15.00 ± 2.77 
(11–18)

16.43 ± 1.51 
(12–18)

15.36 ± 1.85 
(11–18)

12.27 ± 1.85 
(11–14)

16.33 ± 1.61 
(11–18)

NS 
NS

Mean pain intensity at 
tender points

5.46 ± 2.57 
(2–10)

6.83 ± 1.94 
(3–8)

5.36 ± 1.34 
(3–7)

3.36 ± 1.29 
(1–5)

7.77 ± 1.42 
(5–10)

0.03§ 
NS

Body mass index, kg/m2 27.13 ± 4.31 
(21.7–39.8)

30.44 ± 8.98 
(19.1–49.8)

31.67 ± 6.16 
(22.1–42.6)

26.38 ± 3.59 
(19.9–29.4)

27.54 ± 7.81 
(20.2–48.7)

NS 
NS

Baroreflex sensitivity,  
msec/mm Hg

6.60 ± 2.89 
(0.0–10.4)

5.90 ± 4.69 
(1.69–11.9)

6.86 ± 3.37 
(3.3–12.4)

3.33 ± 1.54 
(1.6–4.4)

9.72 ± 5.27 
(2.6–17.9)

0.02¶ 
NS

All medications, doses/day 3.36 ± 2.24 
(0–8)

3.71 ± 1.79 
(1–6)

2.93 ± 1.39 
(1–5)

1.80 ± 1.42 
(0–4)

2.92 ± 2.15 
(0–7)

NS 
NS

Pain medication, doses/day 1.27 ± 0.79 
(0–2)

1.00 ± 0.82 
(0–2)

1.07 ± 0.79 
(0–2)

0.36 ± 0.18 
(0–1)

0.92 ± 0.79 
(0–3)

NS 
NS

Amitriptyline, doses/day 0.20 ± 0.41 
(0–1)

0.57 ± 0.54 
(0–1)

0.40 ± 0.51 
(0–1)

0.36 ± 0.67 
(0–2)

0.25 ± 0.45 
(0–1)

NS 
NS

Beta blocker, doses/day 0.27 ± 0.47 
(0–1)

0.29 ± 0.49 
(0–1)

0.13 ± 0.35 
(0–1)

0.00 ± 0.00 
(0–0)

0.17 ± 0.39 
(0–1)

NS 
NS

Interference (MPI) 3.24 ± 1.38 
(0.9–5.4)

4.46 ± 0.69 
(3.7–5.3)

3.55 ± 1.20 
(0.4–5.3)

4.01 ± 1.11 
(1.8–5.4)

4.24 ± 0.83 
(2.9–6.0)

NS 
NS

Solicitous spouse response 
(MPI)

3.53 ± 1.55 
(1.6–6.0)

2.94 ± 1.54 
(0.2–4.4)

3.19 ± 1.24 
(0.8–5.6)

2.68 ± 1.39 
(0.2–2.4)

2.63 ± 1.83 
(0.2–2.8)

NS 
NS

Physical activity (MPI) 3.03 ± 0.78 
(1.5–4.3)

2.66 ± 0.53 
(1.8–3.2)

2.42 ± 0.71 
(1.1–3.5)

2.56 ± 0.48 
(1.8–3.2)

2.38 ± 0.72 
(0.9–3.2)

NS 
NS

* Except where indicated otherwise, values are the mean ± SD (range). SET = systolic extinction training; OT TENS = operant therapy and 
transcutaneous electrical nerve stimulation; AE BRT = aerobic exercise and baroreflex training; FM with BP↓ = fibromyalgia with hypotension 
or a hypotensive blood pressure stress response; PD = personality disorder; NS = not significant; BRS = baroreflex sensitivity; MPI = Multidi
mensional Pain Inventory. 
† Significantly more hypotensive FM patients were employed compared to patients in the SET group (P = 0.016), the OT TENS group (P = 
0.004), and the FM PD group (P = 0.024) who were unemployed (for both SET and OT TENS, P = 0.044) but more frequently had received 
workers compensation (for SET, P = 0.015; for OT TENS, P =0.005; for FM PD, P = 0.037). 
‡ FM patients with PD reported a higher number of painful regions in comparison to FM with BP↓ patients (P = 0.036). 
§ FM patients with PD displayed a higher tender point intensity compared to FM with BP↓ patients (P = 0.027). 
¶ FM patients with PD showed a higher BRS in comparison to FM with BP↓ patients (P = 0.024). 
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and OT- TENS will produce significantly greater long- term improve-
ments in pain and physical function compared to AE- BRT, which, 
due to the lack of OT, will have predominantly short- term benefits; 
and SET will produce significantly greater effects than OT- TENS and 
AE- BRT on pain, BRS responses, and physical function.

PATIENTS AND METHODS

Study participants. A total of 128 female patients with FM 
initially recruited from internal medicine and rheumatology clinics 
were eligible (ISRCTN: 12087003) (Table 1). Inclusion criteria were 
increased pain behaviors, pain- related interference, solicitous 
spouse responses, catastrophizing, and low physical activity (21). 
Patients with demonstrated hypertensive stress reactivity who 
did not have any significant psychiatric disorder or inflammatory 
disease, those not receiving opioids or amitriptyline, and those 
currently receiving antihypertensive medications or centrally act-
ing medication were enrolled. Patients who were receiving ami-
triptyline and/or selective beta blockers (29.4%) were asked to 
discontinue use of these agents 7 days before treatment. In 2 
patients, the selective beta blocker was replaced with a nonse-
lective beta blocker. The demographic and clinical characteristics 
of the patients and the differences between patients who were 

enrolled and those who were not enrolled are shown in Table 1.

Study protocol. After providing informed consent, 62 
patients were randomly assigned to SET (n = 21), OT- TENS 
(n = 20), or AE- BRT (n = 21). Assignment was randomized by a 
research assistant into blocks of 3 based on the time of year. This 
was a single- blind study, because it is not feasible to blind the ther-
apist to the psychotherapeutic treatment; however, patients were 
blinded, and outcome data were collected by a research assistant 
who was not aware of the treatment assignments (33) (Figure 2).  
The patients were informed about the study design before they 
were randomly assigned to 1 of the 3 groups. All patients received 
the same instruction: “The stimulation will help to increase subjec-
tive pain and tolerance thresholds.” Furthermore, the therapists 
did not describe the other groups prior to treatment.

All patients (n = 128) received medical and rheumatic 
assessments (Table  1). The inclusion criteria were meeting 
the 1990 and 2011 American College of Rheumatology cri-
teria (34,35), married or in a relationship, and willingness of 
the spouse to participate. Treatment groups were compara-
ble with respect to age, education, body mass index, med-
ication intake as an expression of pain behaviors, physical 
pain–related interference,  solicitous spouse responses, and 
physical activity (36) (Table 1). Significant differences in “num-
ber of painful regions,” “tender point intensity,” and BRS were 
found between hypotensive FM patients and FM patients 
with comorbid personality disorders, who were subsequently 
excluded from enrollment. Fifty patients completed the pre-
treatment, posttreatment, and follow- up sessions (Figure 2).

The study was approved by the ethics committee of the 
Philipps- University Marburg. Pain therapists had more than 15 
years of experience.

Assessment. Physical assessment. The physical assess-
ment included blood chemistry analysis and neurologic and tender 
point examinations. The number of positive tender points (score of 
≥2) and the intensity of pain at tender points were assessed using 
a manual tender point survey (37).

Psychometric assessment. Pain before (T1), 5 weeks after 
(T2), and 12 months after treatment (T3) was assessed using 
a numeric rating scale and the Multidimensional Pain Invento-
ry (MPI) (24,36). The MPI is a 60- item questionnaire assessing 
pain intensity, interference of pain, life control, affective distress, 
social support, significant- other support, and general activity 
levels. The MPI has been widely used in patients with a diversi-
ty of chronic pain conditions (including those with FM) and has 
demonstrated psychometric properties (38–41).

Assessment of adherence and  expectations. All 
patients completed treatment expectation ratings before the first 
session and satisfaction ratings (6- point scale ranging from 0 
[completely unsatisfied] to 6 [completely satisfied]) at the end of 
the first and last sessions (42).

Psychophysiologic recording of BRS. BRS was calcu-
lated as a ratio of blood pressure (BP) and HR, using the spectral 
method (http://www.nevrokard.eu/maini/brs.html). The spectral 
method is used to calculate the low- frequency (0.04–0.15 Hz) and 
high- frequency (0.15–0.5 Hz) bands. Cardiac BRS was computed 
as the square root of the ratio of the power of HR to that of systolic 
arterial pressure. We used a high- frequency BRS band. BP and HR 
were continuously measured with a photoplethysmographic device 
(Finometer PRO; Finapres Medical Systems) on the middle finger of 
the left hand (43).

Treatments. Treatments consisted of two 2- hour weekly 
sessions for 5 weeks, totaling 20 hours. Depending on the treat-
ment protocol, the first hour of each session was spent on OT or 
AE, followed by 1 hour of BRT or TENS.

Systolic extinction training. SET combines OT with BRT. 
OT, based on structured manuals (24,36), was directed toward 
changing observable pain behaviors and included video feed-
back regarding the expression of pain, contingent positive re-
inforcement of pain- incompatible behaviors, and punishment 
of pain behaviors. Time- contingent exercises were provided 
as homework (44). The patients were accompanied by their 
spouses and engaged in role- playing to reduce pain behav-
iors and increase healthy behaviors. Homework included in-
structions to increase activities and reduce pain behaviors. A 
reduction of pain medication was based on a time- contingent 
interval plan. Spouses were invited to attend each second ses-

http://www.nevrokard.eu/maini/brs.html
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sion. The treatment was co- led by a psychologist and a rheu-
matologist.

BRT was added after OT in the SET group. BRT consisted 
of two 8- minute trials with both nonpainful and painful electrical 
stimuli of 50% and 75%, respectively, of the patient’s pain toler-
ance (1). BRT is administered to the median nerve territory on 
the ring and index fingers in randomized order synchronized with 
the cardiac cycle (43).

OT plus TENS. In the OT- TENS group, OT was combined 
with electrical stimulation that also consisted of two 8- minute 
trials in which the same electrical stimuli (nonpainful, 50% of pain 
tolerance, and 75% of pain tolerance) were administered on the 
ring and index fingers. However, these stimuli were not contin-
gent on the cardiac cycle. OT- TENS was used as a control to 
assess the impact of BRT on pain reduction (43).

AE plus BRT. AE consisted of moderate- to- vigorous–inten-
sity exercise on a cycle ergometer (31,32). Training sessions 
were performed twice weekly for 5 weeks. AE sessions con-
sisted of a 15- minute warm- up, 20 minutes of aerobic cycle 
ergometer training, and 15 minutes of cool down/stretching. 
The program used a target HR zone of 50–60% of maximal 
HR for the first 2 weeks, progressing to 80–85% of maximal 
HR for the remainder of the program. HRs were monitored at 
60- second intervals throughout training, using the HR monitor 
attached to the ergometer. AE- BRT was included to determine 
the influence of OT on pain inhibition. The patients received the 
same introduction as that given to patients in the SET and OT- 
TENS groups. AE- BRT was used to determine the influence of 
OT on pain inhibition.

Treatment adherence. Adherence was assessed by the 
number of sessions attended. In addition, for SET and OT- TENS, 
adherence was also assessed by completion of homework as-
signments. Patients in the OT- TENS and AE- BRT groups were 

given the option of joining the SET group after their follow- up 
was complete.

Therapists. Two psychologists and a physiotherapist, both 
of whom had more than 15 years of experience, conducted the 
treatment sessions. They completed a 2- day training period, 
together with 2 rheumatologists, and 3 general practitioners; 3 
psychologists in post- graduate training served as co- therapists. 
Additionally, psychologists, general practitioners, and rheuma-
tologists met to discuss any problems. The SET and OT- TENS 
treatment sessions were video- recorded.

Data analysis. The adequacy of the sample size to test 
the primary outcome was calculated using G*Power 3 to verify 
the interpretability and validity of the results. The primary out-
come was the mean change in pain intensity from pretreatment 
to follow- up in each group. A total of 12 patients per group 
was determined to be adequate to test the primary hypothe-
sis. Power was determined to be 0.857, the critical F value with 
df1 = 2 and df2 = 9 is 4.256 with the following effect size pain 
(MPI) f = 1.151.

Statistical analysis. Primary analyses. The intent- to- 
treat principle guided the analyses; baseline scores for those 
who terminated treatment prematurely were carried forward 
(last observation carried forward). Sensitivity analyses were also 
conducted imputing baseline data for missing data (baseline 
observation carried forward). The co- primary outcome measures 
were changes in pain severity and physical pain–related interfer-
ence (33,45) after treatment and at the 12- month follow- up as 
measured on the MPI pain and interference scales (24,39). Anal-
yses of treatment effectiveness were performed using a multi-
variate analysis of variance (MANOVA) for pain and function; a 
Bonferroni- adjusted P value of <0.013 was used. Tests identify-

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram showing the distribution of patients from eligibility to group 
assignment. SET = systolic extinction training; OT- TENS = operant therapy and transcutaneous electrical nerve stimulation; AE- BRT = aerobic 
exercise and baroreflex training.
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ing the main effects and interactions were followed by post hoc 
repeated- measures ANOVAs and t-tests.

Additionally, pain intensity was assessed before and after the 
experimental BRT protocol, using single NRS ratings of pain inten-
sity to identify the process of change in pain throughout the study. A 
repeated- measures ANOVA was performed, with treatment groups 
as the between factor and 2 measure points (before and after 
the stimulation) assessed before (T1), after (T2), and 12 months 
after treatment (T3) as a within factor, using a Bonferroni- adjusted 
P value of <0.013. The differences in pain intensity before and after 
treatment in each group were calculated using t-tests.

Secondary analysis. The psychophysiological variable BRS 
assessed as spectral BRS during BRT protocol was calculated 
to examine changes in BRS resulting from the treatments. The 
length of each stimulation session was 8 minutes. Individual sen-
sory thresholds, pain thresholds, and tolerance were  measured 
before and after stimulation, which was applied twice (43). Dif-
ferences in BRS in FM patients in the SET, OT- TENS, and AE- 
BRT groups were calculated using repeated- measures ANOVA 
of the stimulation in the BRT protocol before therapy (T1), after 
therapy (T2), and after 12 months of follow- up (T3) by assessing 
significant main effects and time × group interactions after out-

Table 2. ANOVA effects for group, time, and group × time and T and P values for the main outcome variables*

Outcome 
variable, 
group

Pretreatment, 
mean ± SD 

(95% CI)

Posttreatment, 
mean ± SD 

(95% CI)

12- month 
follow- up, 

mean ± SD 
(95% CI)

Interaction

Group, 
F, P

Time 
F, P

Group × 
time 
F, P

T1 vs. T2 
T, P

T1 vs. T3 
T, P

MPI pain† 
SET 3.39 ± 1.29 

(2.92, 3.85)
0.77 ± 0.61 
(0.41, 1.13

0.58 ± 0.76 
(0.15, 1.01)

8.23 
<0.001

8.01 
<0.001

OT- TENS 4.40 ± 0.58 
(3.76, 5.04)

3.77 ± 0.77 
(3.27, 4.26)

3.90 ± 0.67 
(3.31, 4.48)

1.93 
0.08

1.87 
0.09

AE- BRT 3.51 ± 0.76 
(2.99, 4.03)

2.93 ± 0.94 
(2.53, 3.34)

3.20 ± 1.2) 
(2.72, 3.68)

68.02 
<0.001

23.81 
<0.001

20.07 
<0.001

2.23 
0.04

1.02 
NS

MPI physical 
function‡

SET 3.24 ± 1.39 
(2.69, 3.78)

0.80 ± 0.73 
(0.34, 1.26)

0.60 ± 0.56 
(0.14, 1.06)

8.59 
<0.001

8.80 
<0.001

OT- TENS 4.58 ± 0.51 
(3.83, 5.34)

3.86 ± 1.08 
(3.22, 4.49)

4.07 (0.88) 
(3.44, 4.69)

2.25 
0.04

2.33 
0.04

AE- BRT 4.58 ± 0.51 
(3.83, 5.34)

3.86 ± 1.08 
(3.22, 4.49)

4.07 ± 0.88 
(3.44, 4.69)

2.25 
0.04

2.33 
0.04

NRS pain§
SET 32.81 ± 18.07 

(23.13, 42.50)
3.75 ± 5.92 

(−3.99, 11.49)
2.56 ± 5.45 

(−5.61, 10.73)
6.59 

<0.001
6.53 

<0.001
OT- TENS 43.85 ± 20.93 

(33.09, 54.59)
31.92 ± 23.05 
(23.33, 40.52)

28.85 ± 22.38 
(19.78, 37.91)

1.32 
NS

2.11 
<0.05

AE- BRT 33.00 ± 18.78 
(22.99, 43.01)

29.27 ± 14.02 
(21.27, 37.27)

26.67 ± 17.49 
(18.23, 35.11)

11.73 
>0.001

14.74 
>0.001

5.35 
0.009

0.79 
NS

1.68 
NS

Baroreflex 
sensitivity

SET 6.86 ± 2.68 
(5.44, 8.28)

10.76 ± 3.87 
(8.72, 12.79)

10.18 ± 4.98 
(7.85, 12.49)

−5.23 
<0.001

−3.09 
0.009

OT- TENS 5.72 ± 1.96 
(4.02, 7.42)

5.67 ± 2.05 
(3.21, 8.12)

5.52 ± 1.90 
(2.73, 8.31)

0.19 
NS

1.08 
NS

AE- BRT¶ 6.34 ± 2.65 
(4.87, 7.81)

7.16 ± 4.14 
(5.04, 9.28)

7.51 ± 4.21 
(5.10, 9.93)

8.01 
0.027

8.01 
0.002

9.78 
0.001

−1.03 
NS

−1.30 
NS

* Comparisons refer to pretreatment, posttreatment, and 12 month follow up in the SET, OT TENS, and AE BRT groups (the average follow
ups in all 3 groups were not significantly different [12.57 months, 11.6 months, and 10.55 months, respectively]). ANOVA = analysis of vari
ance; 95% CI = 95% confidence interval; NRS pain = pain on numerical rating scale (range 0–100) (see Table 1 for other definitions). 
† Bonferroni adjusted P values for SET vs. OT TENS, SET vs. AE BRT, and OT TENS vs. AE BRT are <0.001, <0.001, and <0.010, respectively. 
‡ Bonferroni adjusted P values for SET vs. OT TENS, SET vs. AE BRT, and OT TENS vs. AE BRT are <0.001 <0.001, and not significant (NS), 
respectively. 
§ Bonferroni adjusted P values for SET vs. OT TENS, SET vs. AE BRT, and OT TENS vs. AE BRT are <0.001, 0.003, and NS, respectively.
¶ Bonferroni adjusted P values for SET vs. OT TENS, SET vs. AE BRT, and OT TENS vs. AE BRT are 0.029, NS, and NS, respectively. 
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lier rejection. For the outcome measures, a repeated- measures 
ANOVA was performed with the treatment groups as the be-
tween factor and the stimulation as a within factor followed by 
Bonferroni- corrected t- tests using an adjusted P value of less 
than 0.013. Baseline was used as a covariate, because the 
groups were significantly different at baseline (see below).

Additional analyses. The reliable change index (46) was 
computed to calculate the percentage of responders. The 
 reliable change index is an empirical measure of the responder 
rate in the respective treatment groups. Finally, correlations be-
tween clinically significant pain reduction and BRS changes were 
calculated using Pearson’s correlation coefficient.

The differences in treatment expectation ratings before the 
first session between the groups were calculated using one- way 
ANOVA, and the differences in satisfaction ratings at the end of 
the first and last sessions (42) were tested between the groups 
using repeated- measures ANOVA and an adjusted P value of 
<0.013.

RESULTS

Attrition. One patient in the SET group (4.7%), 5 in the 
OT- TENS group (25%), and 6 in the AE- BRT group (29%) with-
drew prematurely (Figure 2). All withdrawals occurred between 
session 1 and session 4. The primary reason that patients gave 
for dropping out was deterioration of symptoms. Patients who 
withdrew prematurely were not significantly different from those 

who completed treatment, in terms of demographic variables, 
duration of symptoms, or initial pain severity.

Treatment expectation and adherence. There were 
no statistically significant differences between the groups with 
regard to treatment expectations (F[2,45] = 1.26, P = 0.29) (42). 
Analysis of treatment satisfaction revealed neither a significant 
group effect (F[2,45] = 2.34, P = 0.08) nor a significant group × 
phase (first versus last session) effect (F[2,45] = 0.82, P = 0.09).

In the SET group, no sessions were missed, and 98% 
of homework was completed. In the OT- TENS and AE- BRT 
groups, 20% of sessions were missed. The subsample of the 
OT- TENS group who completed treatment completed 95% of 
the assigned homework.

Primary outcomes. Pain severity and interference as 
measured on the MPI scales. MANOVA revealed significant 
differences between the 3 groups (F[2,46] = 25.32, P < 0.001), 
outcome variables (F[2,45]) = 24.54, P < 0.001), time points 
(F[2,45] = 7.39, P = 0.002), and a significant time × group 
(F[2,45] = 8.38, P = 0.001) and time × group × outcome var-
iables (F[4,44] = 5.38, P = 0.002) interactions. There was 
no significant interaction of outcome variable and time. The 
post hoc ANOVA revealed statistically significant differences 
between SET and OT- TENS (P < 0.001) and between SET and 
AE- BRT (P < 0.001) but not between OT- TENS and AE- BRT  
(P = 0.64).

Figure 3. Changes in pain intensity (A) and physical function (B) assessed with the Multidimensional Pain Inventory German version (MPI- D), 
pain on a numerical rating scale (NRS; range 0–100) (C), and baroreflex sensitivity (D) registered during the BRT protocol before (T1), after (T2), 
and 12 months after (T3) SET, OT- TENS, and AE- BRT. See Figure 2 for other abbreviations.

T1 3T2T

0

1

2

3

4

5

6

P
a

in
In

te
n

si
ty

(M
P

I)

3T2T1T

0

1

2

3

4

5

6

In
te

rf
e

re
n

c
e

(M
P

I)

3T2T1T
0

10

20

30

40

50

N
R

S
P

a
in

(0
–

1
0

0
)

0

2

4

6

8

10

12

3T_1TRB2T_1TRB1T_1TRB

SET OBT_TENS AT_BRT

B
a
ro

re
fl
e
x

S
e
n

s
it
iv

it
y

A B

C D



SYSTOLIC EXTINCTION TRAINING IN FM PATIENTS |      685

Pain severity. An ANOVA of pain severity as measured on 
an MPI pain scale revealed a statistically significant group × time 
interaction (F[2,46] = 20.07, P < 0.001) with significant differ-
ences between SET and both OT- TENS and AE- BRT (both P < 
0.001), with patients in the SET group showing statistically sig-
nificant reductions in pain (Table 2) at both T2 and T3 (both P < 
0.001). There were statistically significant differences between 
SET,  OT- TENS, and AE- BRT at the 12- month follow- up (all P < 

0.001) (Figure 3).
Pain- related interference. The post hoc ANOVA of pain- 

related interference (as measured on the MPI scale) revealed a 
statistically significant group × time interaction (F[2,46] = 30.69, 
P < 0.001) (Table  2), with SET significantly different from OT- 
TENS and AE- BRT. Only the treatment groups in which OT was 
included showed a statistically significant decrease in functional 
limitations (P < 0.01). Both the SET and OT- TENS groups main-
tained the decreased interference at the 12- month follow- up 
(Figure 3).

Pain intensity as measured on an NRS. The post hoc 
ANOVA of pain intensity as measured on an NRS revealed a 
statistically significant group × time interaction (F[2,46] = 30.69, 
P  < 0.001) (Table  2), with SET significantly different from both 
OT- TENS and AE- BRT (both P < 0.001). All SET- treated patients 
reported being completely pain- free following treatment, and 81% 
maintained this status at the follow- up assessments (Figure 3).

Baroreflex sensitivity. A repeated- measures ANOVA 
yielded a significant group × time interaction (F[2,46] = 9.78, 
P  =  0.001) for BRS during the 8- minute BRT trials, with 
 statistically significant group differences between SET and OT- 
TENS (P = 0.029) (Figure  3). However, the BRS levels in the 
SET and AE- BRT groups were not significantly different. The 
SET group showed a significant increase in BRS during the BRT 
protocol, with a 57% increase following treatment and 48% 12 
months after treatment (both P  <  0.01). Neither the AE- BRT 

group nor the OT- TENS group  displayed significant changes 
over time.

Clinical significance of the improved and deterio-
rated variables. The reliable change index of the MPI pain 
severity scale showed a responder rate of 82.6% in the SET 
group compared to 39% in the OT- TENS group and 14% in 
the AE- BRT group (χ2[2] = 13.38, P = 0.001) at the 12- month 
assessment. The responder rates in the SET and OT- TENS 
groups were significantly higher than those in the AE- BRT group 
(P = 0.005). Responder rates in the OT- TENS and AE- BRT 
groups were significantly different (Figure 4).

The reliable change index of the MPI interference scale 
revealed a responder rate of 96% in the SET group compared 
with 60% in the OT- TENS group and 28.6% in the AE- BRT 
group (χ2[2] = 20.26, P < 0.001) at 12 month follow- up. The 
percentage of responders in the SET and OT- TENS groups 
was significantly higher than that in the AE- BRT group (P < 
0.001). Response rates in the OT- TENS and AE- BRT groups 
differed significantly from each other, with the OT- TENS group 
having a higher and statistically significant percentage of 
responders (P < 0.01) (Figure 4).

The reliable change index of the NRS pain scale showed a 
responder rate of 91% in the SET group, 46% in the OT- TENS 
group, and 53% in the AE- BRT group (χ2[2] = 11.19, P = 0.004) 
at the 12- month follow- up assessment. The percentage of SET 
was significantly higher than that of the OT- TENS (P = 0.009) 
and the AE- BRT responders (P = 0.01). The percentages of 
responders in the OT- TENS and AE- BRT groups did not differ 
significantly (Figure 4).

Correlation between clinically significant pain 
reduction and BRS changes. The clinically significant changes 
in pain severity assessed by the MPI reliable change index were 
negatively correlated with BRS changes after treatment (r = −0.51, 
P = 0.008). The BRS changes 12 months after therapy were neg-

Figure 4. Distribution of responders after 5 weeks of treatment (T2) and 12 months after (T3) SET, OT- TENS, and AE- BRT. See Figure 2 for 
abbreviations.
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atively correlated with changes in pain intensity as measured by 
the NRS reliable change index (r = −0.52, P = 0.008).

DISCUSSION

This study evaluated the efficacy of SET combining OT with 
a cardiac- gated electrical stimulation (BRT). SET showed high 
efficacy in a subgroup of female FM patients with a hypertensive 
profile. Patients in the SET group had significantly greater reduc-
tions in pain intensity and pain- related interference compared 
to patients in the OT- TENS group (i.e., cardiac- independent 
peripheral electrical stimulation). OT is an effective treatment 
in FM, with modest reductions in pain severity. However, when 
OT was combined with BRT, 44% more patients reduced their 
pain by 50% for more than 12 months following treatment. The 
patients treated with SET became pain-free immediately after 
treatment (responder rate 100%), which was maintained in 82% 
of the patients for more than 12 months.

Both treatments that targeted pain behaviors produced signifi-
cantly greater long- term improvements in pain and physical function 
compared to cardiovascular fitness training (AE), even when it was 
combined with BRT. The observations of long- term improvements 
in pain and physical functioning with OT demonstrate the impor-
tance of including a behavioral component in treatment (47–49). 

Confirming our hypothesis, patients treated with BRT com-
bined with either SET or AE increased their diminished BRS and 
had greater pain reduction after treatment than patients who did 
not receive BRT (i.e., OT- TENS). In contrast to SET, the physical 
conditioning treatment (AE) did not maintain BRS at follow- up. 
Furthermore, pain reduction after AE- BRT was maintained at fol-
low- up in only 14% of patients in contrast to 82% of responders 
to SET. Interestingly, responders to AE showed significantly lower 
pain before treatment compared to the nonresponders (P < 0.01). 
This result replicates those observed in studies showing that only 
patients with lower pain intensity (<3 on an NRS [range 0–10]) 
appear to profit from AE (32). Future studies might determine the 
efficacy of physiotherapy in patients with lower pain intensity.

Our hypothesis regarding the long- term effects of SETS 
on BRS and pain inhibition was also confirmed. The combi-
nation of 1) practicing healthy behaviors that provoke cortical 
changes in pain inhibition with 2) BRS that provokes subcor-
tical and brainstem changes resulted in freedom from pain in 
82% of the patients at the 12- month follow- up. Pain reduction 
was significantly correlated with BRS reactivation (r = 0.52) and 
restored the inverse relationship of pain and BRS comparable to 
that observed in healthy individuals (23,26,28). BRS increased 
by 57% after SET and was maintained at 48% for more than 
12 months. The resulting level of BRS, 10.2 msec/mm Hg, was 
comparable to that observed in healthy individuals (50).

Although the precise mechanism for SET requires additional 
research, we believe that SET stimulation activates baroreceptors 

that relay signals to the dmNTS that modulates brain pain network 
regions including the hypothalamus, thalamus, and indirectly the 
amygdala and anterior cingulate cortex. The signals vary but at 
times are painful (more painful than the chronic pain at baseline), 
arrive when the BP is highest, and must be dealt with, indicating 
that pain inhibition systems have been activated. OT enhances 
this learning and modulates the pain network through cortical 
areas (somatosensory, insula, ACC, and indirectly, the amygdala) 
(27) by focusing on healthy behaviors, adaptive activity reinforced 
by solicitous behavior by the spouse (38,39). There appears to be 
a synergistic effect of combined treatment. Future studies may 
investigate the influence of NTS reflex arcs on the cortical pain 
network. From the clinical perspective, SET can achieve complete 
pain relief in a targeted subgroup of female patients with FM.

Although the sample size in this study was relatively small, 
a power analysis confirmed that the numbers were adequate 
to test our primary hypothesis. Additionally, the patient selec-
tion criteria were validated by the responder rates in spite of 
the sample size. Furthermore, there are alternative methods to 
calculate BRS and other variables, and blinding is impossible 
in a therapeutic study.

SET resulted in clinically significant and long- lasting remis-
sion of pain and physical interference compared to OT- TENS 
and AE- BRT in female patients with FM who have significant 
deficiencies in baroreceptor sensitivity. Additional research using 
larger samples and in other chronic pain conditions is warranted 
to confirm and extend these results.
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Objective. To evaluate the effectiveness of pre- appointment consult screening to identify patients with autoim-
mune and inflammatory rheumatic disease (AIRD) and to evaluate the revenue implications of routine outpatient care 
of patients with AIRD compared to that of non- AIRD patients.

Methods. Using data in the electronic medical records, we retrospectively analyzed all new outpatients who were 
referred for rheumatology consults during a 9- month period for a final diagnosis and revenue generation for routine 
outpatient care over 1 year following the consult review or initial evaluation.

Results. A total of 961 patients were referred to the outpatient rheumatology clinic and underwent pre- appointment 
triage. Overall, 673 patients were approved for evaluation of AIRD, and 288 patients were denied rheumatology con-
sultation. Patients were seen an average of 13 days after the consult review. Among patients who were approved for 
consult, 597 came for evaluation, with 357 diagnosed as having an AIRD and 240 with a non- AIRD. Among patients 
who were denied a consult, 128 had 1- year follow- up data, with 6 patients eventually diagnosed as having an AIRD 
(consult triage sensitivity 98%, positive predictive value 60%). The consult triage system allowed more AIRD patients 
to be seen over a 1- year period. Revenue data for outpatient care was available for 318 of 357 patients with an AIRD 
and 192 of 240 non- AIRD patients and showed that care for patients with an AIRD generates 44 times more revenue 
compared to care for non- AIRD patients ($5,877 per AIRD patient versus $134 per non- AIRD patient; P < 0.001).

Conclusion. Pre- appointment consult screening is an effective method to identify patients with an AIRD. This 
approach enables timely access to care for patients with the highest need for evaluation and results in significantly 
more revenue generation.

INTRODUCTION

Rheumatologists are capable of caring for patients with a wide 
variety of rheumatic diseases. Arguably, a rheumatologist’s greatest 
value is in evaluation and management of patients with complex 
autoimmune and inflammatory rheumatic disease (AIRD). Clearly, 
patients with these diseases benefit from early evaluation and 
aggressive therapy in order to prevent future adverse outcomes and 
disability (1,2). At the present time and for the foreseeable future, 
there are not enough rheumatologists to care for all patients with 
a musculoskeletal disorder (3). Therefore, it makes sense to triage 
consults so that patients with an AIRD are seen before patients with 
noninflammatory musculoskeletal conditions (non- AIRD patients).

Leadership at many academic medical centers puts a pri-
ority on patients having access to subspecialty care within a short 
period of time. Often the demand for consultations by rheumatol-

ogists exceeds their ability to promptly see patients who are most 
in need of this care. For the past 15 years, rheumatologists at the 
University of Colorado have participated in a consult triage system 
primarily designed to assure timely appointments for patients with 
AIRD regardless of insurance status. The primary objective of the 
current study was to evaluate the long- term effectiveness of pre- 
appointment consult screening to identify patients with a potential 
AIRD. A second objective was to evaluate the revenue implications 
of providing care for AIRD patients compared to caring for non- AIRD 
patients.

PATIENTS AND METHODS

This study was approved through the University of Colorado 
Health institutional review board criteria for quality improvement 
projects.
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Practice description. The University of Colorado Health at 
Anschutz Medical Center is an academic medical center providing 
all levels of care. University of Colorado Medicine includes 1,658 
physicians, 628 of whom are in the Department of Medicine. In 
addition, there are 125 advanced clinician practitioners. In 2014, 
the Division of Rheumatology had 6 physicians and 1 nurse practi-
tioner seeing patients, for a total of 3.5 clinical full- time equivalents 
(1 clinical full- time equivalent = 6–8 half days of clinic). Approx-
imately 8,600 patients, including 1,200 new patients, are seen 
yearly at the rheumatology outpatient clinic. Three experienced 
rheumatology physicians (average 8 years post- fellowship train-
ing) review and triage ~30 new outpatient consults each week. 
Consults are primarily from healthcare providers in the Denver 
metropolitan area but also from Colorado, Wyoming, and western 
Nebraska. The payor mix is 57% government (Medicare, Medic-
aid, Tricare), 41% private insurance, and 2% indigent care.

Consult management. All patients must be referred by a 
healthcare provider. A medical assistant obtains basic and consult 
information. One of 3 rheumatologists (DWP, CCS, JRK) reviews 
the consult and, if available, any additional information included 
in the University of Colorado Health system electronic medical 
record (using Epic Systems software). If necessary, additional clin-
ical information, laboratory test results, and radiologic tests are 
requested to be obtained by the referring healthcare provider prior 
to the final review.

Following the review, one of the following occurs regard-
less of insurance status: 1) all consults are approved, and all 
patients who may have a rheumatologic emergency (e.g., 
acute inflammatory monoarticular arthritis, giant cell arteritis, 
or major organ decompensation from an AIRD) are seen within 
24–48 hours; 2) all consults requested by another rheumatol-
ogist are approved; 3) all consults are approved if a healthcare 
provider calls and, after discussing the patient’s problem with 
a rheumatologist, requests that the patient be seen; 4) patient 
consults are approved and scheduled within 1–4 weeks if the 
patient may have a possible AIRD. Consults on these patients 
typically reported a concerning physical examination finding 
(e.g., synovitis, objective muscle weakness, vasculitic rash), 
elevated markers of inflammation, abnormal laboratory val-
ues (e.g., elevated creatine kinase level), HLA–B27 positiv-

ity, positive serologic tests (antinuclear antibody titer ≥1:160, 
rheumatoid factor level ≥15 IU/ml, specific autoantibodies 
[e.g., antineutrophil cytoplasmic antibody, anti–cyclic citrulli-
nated peptide, anti- SSA]), and/or abnormal results of imaging 
suggesting an AIRD. Patients with vasculitis, systemic lupus 
erythematosus, myositis, or disabling inflammatory arthritis 
are given priority for expedited scheduling; 5) consults are 
declined for all patients with probable noninflammatory con-
ditions (e.g., osteoarthritis, fibromyalgia, mechanical low back 
pain) or if the requested additional information or test results 
are not provided within 1–2 months.

All referring healthcare providers and their patients are sent 
the results of the review process. When possible, suggestions 
for other evaluation, treatment, or referral to a more appropriate 
subspecialty clinic are provided (i.e., mini e- consult) if the consult 
is declined.

Study design. All new outpatient rheumatology consult 
referrals sent between April and December 2014 were retro-
spectively analyzed by one rheumatologist (SGW) who was not 
part of the consult review process. He reviewed data from the 
electronic medical records (using Epic Systems software), of all 
new outpatient rheumatology consults seen during a 9- month 
period and noted final diagnoses and revenue generation for 
routine outpatient care for each patients for 1 year following their 
consult. Following the initial rheumatology evaluation, revenue 
from laboratory tests, radiographic studies, rheumatology proce-
dures, other specialty consults ordered, and follow- up visits for 
outpatient rheumatology care over the next year for each patient 
with an AIRD or non- AIRD was calculated based on 2015 Medi-
care rates. The frequency of laboratory monitoring and radio-
graphic studies were in accordance with published guidelines 
(4,5). Revenue from outpatient infusion of biologics and chemo-
therapy was also recorded. Revenue from any pre- appointment 
requested laboratory or imaging study, initial rheumatology con-
sultation, surgical procedures, hospitalizations, medications 
including oral immunosuppressive agents and subcutaneously 
administered biologic therapies, and emergency department 
visits was noted but not included in the total revenue genera-
tion. In addition, each patient followed up within the University of 
Colorado Health system whose rheumatology consultation was 
declined because they were thought to have a non- AIRD was 
reviewed for final diagnosis and outcome.

RESULTS

New patient consults. From April through December 
2014, 961 new patients were referred to the outpatient rheuma-
tology clinic (Figure 1). The total time spent by the 3 rheumatolo-
gists reviewing the consults each week was ~5 hours (range 5–20 
minutes per consult). After the reviews, 673 patients (70%) were 
thought to have a possible AIRD and were scheduled for a clinic 

SIGNIFICANCE & INNOVATIONS
• Pre-appointment consult screening can identify

patients with autoimmune and inflammatory rheu-
matic disease (AIRD) who are most in need of time-
ly expert evaluation by a rheumatologist.

• Routine outpatient care of patients with AIRD gen-
erates significantly more revenue to the clinical en-
terprise compared with care of non-AIRD patients.
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visit, while 288 patients (30%) were denied, including 78 patients 
who did not undergo the requested pre- appointment studies 
or opted to see a different rheumatology group. Of the patients 
scheduled for initial evaluation, 597 (89%) came to the appoint-
ment. The average time until the first appointment was 13 days 
(range <1 to 31 days).

After evaluation, 357 patients (60%) were diagnosed with an 
AIRD (Table 1), and 240 patients (40%) had a non- AIRD. Of the 
240 patients diagnosed with a non- AIRD, most (n = 71 patients) 
had been referred because of reported objective synovitis that 
was not confirmed at the time of rheumatology evaluation or 
because a physician called and requested an evaluation (n = 18 
patients). After evaluation by a rheumatologist confirmed a non- 
AIRD, most of these patients were co- managed with the referring 
healthcare provider. Of the 288 patients who were denied rheu-

matology consultation, 128 (44%) had follow- up data, and 6 of 
these patients were eventually diagnosed as having an AIRD (2 
patients were diagnosed with psoriatic arthritis, 2 with undiffer-
entiated connective tissue disease, 1 with ankylosing spondylitis, 
and 1 with calcium pyrophosphate deposition disease). None of 
these 128 patients who were treated by their referring healthcare 
provider during the follow- up period were hospitalized or became 
unemployed due to their non- AIRD. The 1 patient in whom cal-
cium pyrophosphate deposition disease was eventually diag-
nosed had 1 visit to the emergency department, because of an 

attack of pseudogout.
The consultation triage system has 98% sensitivity, 34% 

specificity, 60% positive predictive value, and 95% negative pre-
dictive value. In addition, even after subtracting the physician time 
spent screening consults, the time saved by the consult triage 
system enabled >200 more time slots per year to be available for 
seeing new patients with AIRD than would have been possible 
without the triage system.

Revenue generation. Total revenue in dollars generated 
for care of a patient’s rheumatologic condition was available 
from the electronic medical record for 318 of 357 patients diag-
nosed with an AIRD and 192 of 240 patients diagnosed with a 
non- AIRD. This consisted of revenue for follow- up visits (Cur-
rent Procedural Terminology codes), diagnostic and monitoring 
laboratory tests including serologic tests, radiologic studies, 
rheumatologic procedures (aspirations and injections), and initial 
consults referred, following rheumatology evaluation, to other 
subspecialties and for other services (physical therapy, occupa-
tional therapy) (Table 2). Over a 1- year period, routine rheumato-
logic evaluation and follow- up care of outpatients with an AIRD 
generates 5.6 times more revenue compared to evaluation and 
follow- up care of non- AIRD outpatients ($679 per AIRD patient 
versus $122 per non- AIRD patient; P < 0.05). During this fol-
low- up period, 33 patients with an AIRD received a total of 292 
outpatient infusions/injections (abatacept, belimumab, cyclo-
phosphamide, denosumab, infliximab, intravenous immuno-
globulin, rituximab, or tocilizumab), generating 433 times more 
revenue compared to the 5 non- AIRD patients who received a 
total of 15 hyaluronic acid injections into their knees ($5,198 
per AIRD patient versus $12 per non- AIRD patient; P < 0.001) 
(Table 2).

Overall, the total revenue generated for monitoring and treat-
ing AIRD outpatients during the follow- up period was 44 times 
more than the revenue generated for providing care for non- AIRD 
outpatients ($5,877 per AIRD patient versus $134 per non- AIRD 
patient; P < 0.001) (Table  2). Although not included in revenue 
totals, the AIRD patients during follow- up had more nonsurgical 
hospitalizations (15 patients), emergency department visits (16 
patients), and orthopedic surgeries (9 patients) than the non- AIRD 
patients (hospitalization in 1 patient, emergency department visits 
in 1 patient, and orthopedic surgeries in 2 patients).

Figure  1. Diagram showing patient flow. AIRD = autoimmune 
inflammatory rheumatic disease. 

Table  1. Demographic characteristics of patients according to 
AIRD*

AIRD No. of patients

Rheumatoid arthritis 139
SLE/SSc/UCTD/SS 83
Crystal diseases 44
Spondyloarthropathies 38
Vasculitis/myositis 34
Other 19

* AIRD = autoimmune and inflammatory rheumatic disease; SLE =  
systemic lupus erythematosus; SSc = systemic sclerosis; UCTD =  
undifferentiated connective tissue disease; SS = Sjögren’s 
 syndrome. 
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DISCUSSION

Patients with an AIRD benefit from timely evaluation and treat-
ment by a rheumatologist. Due to the high prevalence of musculo-
skeletal diseases and the limited number of rheumatologists, it is 
difficult for all patients to be seen within a reasonable timeframe. 
Adding to this difficulty is the expectation by some hospital/clinic 
administrators that all patients should have access to subspecialty 
care. This study showed that pre- appointment consult triage can 
accurately identify patients with an AIRD and can assure that they 
are seen quickly. It further showed that routine evaluation and care 
for AIRD patients generates substantially more revenue than eval-
uation and care for non- AIRD patients.

Several rheumatology groups have reported their success with 
pre- appointment triage systems for new outpatient consult referrals 
(6–12). The advantages of these triage systems include improved 
medical record availability at the time of the first visit and more timely 
access to care for patients with an AIRD. This enables patients who 
are most in need of expert rheumatology care to be evaluated expe-
ditiously and receive therapy that will improve function and prevent 
organ impairment and future disability. Other potential advantages 
include identifying patients for ongoing research trials and, at teach-
ing institutions, providing internal medicine trainees and medical 
students with more challenging patients to evaluate. Our study 
would support these advantages, because 98% of patients with an 
AIRD were identified and seen within an average of 13 days. Prior 
to pre- appointment consult triage, our wait time routinely exceeded 

45 days. Finally, although not quantitated, the presence of appropri-
ate records at the time of the first visit contributed to the efficiency 
and accuracy of the patient’s evaluation.

There are potential disadvantages of pre- appointment consult 
screening. The most concerning is a possible negative reaction by 
the referring physician and patient if the consult is denied. We have 
tried to mitigate this reaction through effective communication con-
cerning the need and advantages of this process. In addition, when 
appropriate, we provide guidance to the referring physician about 
other evaluations, treatments, and referrals that might be done. 
Over time, many of the referring physicians appear to have learned 
which patients need referral and what evaluations are appropriate 
prior to referral. Another possible disadvantage is declining to see a 
patient who has an AIRD, because of inadequate information on the 
referring consult. Some studies have shown that referrals from pri-
mary care physicians often contain inadequate information to allow 
an accurate assessment of whether or not a patient has an AIRD 
(13). We limit this possibility by requesting the referring physicians 
to record their physical examination findings and order appropriate 
laboratory and radiographic studies for our review based on the 
suspected referral diagnosis prior to the consult being accepted or 
declined. Certainly, some referring physicians or patients (78 [8.1%] 
of 961) do not get these requested pre- appointment studies, which 
results in consult denial. However, the results of our study support 
the notion that our triage process is not overly restrictive, because 
40% of consults (240 of 597 patients) accepted to be seen were 
found not to have an AIRD. This lack of restrictiveness contributes 
to the low number of patients who were denied a consult who were 
found on follow- up to have an AIRD (6 [0.8%] of 725 patients) that 
should have been initially accepted for evaluation by rheumatology. 
Another possible problem with consult screening is the added cost 
of requiring pre- appointment laboratory results and radiographs 
based on the diagnosis by the referring physician. This policy could 
increase medical costs if in retrospect after the rheumatology con-
sultation, some of the studies were determined not to be helpful 
for the patient’s evaluation. This is possible, but we believe that the 
improved efficiency of having all necessary studies available for the 
initial consultation is important and saves physician and staff time. 

Another potential concern is that screening consults at a 
teaching hospital could limit the number of non- AIRD patients that 
trainees have the opportunity to evaluate. However, this was not 
the case, because our triage process resulted in 40% of patients 
whose consults were approved being found to have a non- AIRD. 
In addition, many academic medical centers have additional train-
ing hospitals (Veterans Administration hospitals, county hospitals) 
in which trainees get additional exposure to non- AIRD patients. 
Finally, the rheumatologist is not compensated for the time that is 
required to review and triage each consult. Alternative models for 
consult triage by non- physician personnel have been proposed 
(12,14). We have a pilot project starting in which the rheumatologist 
is compensated for doing a record review and e- consult on patients 
who are not accepted to be seen in the rheumatology clinic.

Table 2. Total revenue (dollars) generated by care of AIRD versus 
non- AIRD outpatients over 12 months*

Care modality/
service

AIRD patients 
(n = 318)

Non- AIRD patients 
(n = 192)

Follow- up visits/
provider fees

68,580 1,620

Laboratory/
radiology 
studies/
rheumatologic 
procedures

108,980 15,495

Specialty 
consults, PT/OT

38,500 6,300

Subtotal 216,060 
(679 per patient)

23,415 
(122 per patient)

Medication (IV, 
injection) 
costs†

1,618,003 1,322

Infusion costs/
procedure fee

35,112 918

Subtotal 1,653,11 
(5,198 per patient)

2,240 
(12 per patient)

Total revenue 1,869,175 
(5,877 per patient)

25,655 
(134 per patient)

* AIRD = autoimmune inflammatory rheumatic disease; PT = 
 physical therapy; OT = occupational therapy; IV = intravenous. 
† Injected medications included denosumab and hyaluronic acid. 
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Previous studies have shown that rheumatologists generate 
significant downstream income for an academic medical center 
(15). The current study showed that outpatient care of patients 
with an AIRD generated 44 times more revenue than that gen-
erated by caring for patients with a non- AIRD. The total revenue 
would be even greater if data for pre- appointment laboratory and 
imaging studies, oral immunosuppressive agents and subcutane-
ously administered biologic medications, emergency room visits, 
hospitalizations, and orthopedic surgical procedures had also 
been included in calculations of total revenue. This is important 
to emphasize to hospital and clinic administrators who must bal-
ance the need for access to care and revenue generation with 
limited resources. The number of rheumatologists is expected to 
decline over the next 10–15 years, while the number of patients 
with musculoskeletal conditions will increase (3). Rheumatologists 
can add value to the care of both patients with and those without 
an AIRD. However, given the limited number of rheumatologists, 
one can argue that early access to a rheumatologist’s training and 
expertise adds most to the care of AIRD patients (1,2).

Our study has several strengths. It contributes to the literature 
supporting the notion that pre- appointment outpatient consult 
triage is effective for identifying patients with rheumatic disease 
who need timely evaluation and treatment. To our knowledge, it is 
the first study to demonstrate that standard care for outpatients 
with AIRD generates more revenue than caring for outpatients 
without AIRD. Finally, the retrospective review by an experienced 
rheumatologist (SGW) who was not involved in the consult triage 
process helped to prevent bias in overestimating the accuracy of 
the consult triage process, while use of conservative estimates of 
revenue generation prevented inflation of results of total revenue 
for outpatient rheumatology care.

However, there are some limitations to our study. Because 
the study was retrospective, some data were missing, including 
data for 76 (11%) of 673 patients classified as having a possible 
AIRD on consult triage who did not come to their first appoint-
ment; thus, their symptoms could not be confirmed as an AIRD. In 
addition, there was lack of at least 1 year of follow- up data to con-
firm a final diagnosis in 160 (56%) of 288 patients triaged by con-
sult review to have a non- AIRD or who did not get the requested 
pre- appointment laboratory and/or radiography studies. Some of 
these patients may have been erroneously classified, which would 
affect the sensitivity, specificity, and predictive value of our consult 
triage system. In addition, there was a lack of complete revenue 
data for 39 (11%) of 357 patients with confirmed AIRD and 170 
(47%) of 362 patients with confirmed non- AIRD. Incomplete data 
may have affected the final total of revenue generated per patient 
when comparing AIRD and non- AIRD outpatients. Despite these 
limitations, our study shows that pre- appointment consult screen-
ing is an effective process to identify patients with an AIRD. This 
enables timely access to care for patients with the greatest need 
for evaluation and treatment and results in significantly more reve-
nue generation for the clinical enterprise.
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Imaging in systemic sclerosis: make “US” great again? 
Comment on the article by Santiago et al

To the Editor:
We read with interest the article by Santiago and colleagues 

(1), who conducted an informative systematic literature review 
on the relevance of ultrasound (US) for the assessment of skin 
involvement in systemic sclerosis (SSc). The authors highlight the 
heterogeneous results concerning the reliability of US in studies 
published to date but also underscore very promising data from 
recently published articles (2). Moreover, their work raises the 
issue considering US evaluation as an interesting alternative to 
the modified Rodnan skin thickness score for skin assessment 
in SSc. Therefore, beyond imaging considerations, this article 
questions the place of US evaluation in the global management 
of SSc. This topic is still controversial, because new assessment 
techniques are emerging for microvascular, macrovascular, and 
musculoskeletal evaluations in SSc (3,4). Nonetheless, a central 
question remains concerning these new evaluation tools for this 
disease: new imaging technologies may indeed emerge, but for 
what purpose in the end?

In addressing this issue from a purely descriptive perspec-
tive, because the question of reframing and reshaping pheno-
types in SSc is arising (5), US evaluation may offer a more precise 
description of vascular and musculoskeletal manifestations of the 
disease. This is all the more relevant because more performant 
probes (>18 MHz) always lead to more precise descriptions and 
high- quality images. US characterization of these manifesta-
tions, combined with precise clinical phenotyping (6), may help 
to enlarge the current view of SSc by bringing the disease “from 
black- and- white into technicolor,” as suggested by Ligon and 
Wigley (5). Beyond echocardiography and the detection of pul-
monary arterial hypertension, US may also have a part to play in 
the early detection of visceral manifestations of SSc such as lung 
fibrosis, as suggested by recent studies evaluating the diagnostic 
performance of US in this field (7).

In a concrete and practical approach, US may be one step 
ahead of many assessment tools, because it is both widely avail-
able and noninvasive/nonirradiating. The issue of reproducibility 
and observer- dependent reliability may be easily addressed when 
US evaluation is performed by a trained sonographer (8). Because 
musculoskeletal US assessment is now included in many train-
ing programs for young rheumatologists, switching from joints 
to other organs might be easier. Further studies are nonetheless 
needed to draft simple and reproducible consensual evaluation 

criteria, constituting the first step for a coordinated initiative to 
homogenize practices concerning vascular, skin, lung, and mus-
culoskeletal US evaluation in SSc. This step is essential to foster 
future multicentric studies.

From a rheumatologic perspective, US assessment may 
deserve specific attention, because it could have a part to play 
in the management of SSc in the future. Considering hand eval-
uation, one of the main challenges for clinicians dealing with 
SSc, is the multiplicity of causes that lead to hand functional 
disability (9,10): skin stiffness limiting mobility; Raynaud’s phe-
nomenon, digital ulcers, calcinosis, or acroosteolysis hindering 
precise gripping; synovial or tenosynovial involvement respon-
sible for friction rubs and pain. Deciphering the cause of pain 
itself in SSc patients can also be challenging. Arthralgia or joint 
pain can result from numerous and coexisting causes ranging 
from specific inflammatory synovitis to sclerotic tenosynovitis, 
mechanical digital ulcers, osteoarthritis, or intraarticular calcino-
sis. Understanding the precise cause of pain and disability is 
also a central question, because it may lead to guided and more 
adapted therapeutic management. US examination provides the 
opportunity of a simultaneous evaluation of vascular, musculo-
skeletal, and skin involvement: a single tool to assess a multi-
causal impairment (11).

In addressing the issue of new imaging techniques in SSc, 
one must not forget that clinical evaluation must remain the key-
stone for the management of SSc patients. Nonetheless, clinical 
examination may raise unsolved questions that could be answered 
through US assessment.
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Reply

To the Editor:
We appreciate the comments by Lescoat et  al and are 

convinced that the application of US has the potential to become 
a reliable and valuable tool to evaluate various body sites, includ-
ing the  musculoskeletal and vascular system, lungs, and skin, 
thereby contributing to the clinical assessment of complex dis-
eases such as SSc (1).

However, as stated in our review article, we welcome further 
investigation to refine the use of US in the evaluation of skin in SSc, 
in particular to assess its reproducibility, criterion validity, and cor-
relation with skin biopsy findings (2). Several studies have demon-
strated that US is useful for assessing early skin involvement and 
obtaining precise measurements of dermal thickness, which may 
be decisive when evaluating treatment response  (3,4). Skin US 
requires a specific  training period and a machine with a high- 
frequency probe (≥18 MHz) (2,5–7). While this is not generally 
available and fully validated, the modified Rodnan skin score 
(MRSS) is a valid and easily accessible method that can be used 
to assess the skin in SSc (8).

Interestingly, 2 recent studies in SSc demonstrated that 
skin high- frequency US correlates with morphology as eval-

uated by nailfold videocapillaroscopy, and functional micro-
vascular damage measured by laser Doppler flowmetry and 
laser speckle contrast analysis (LASCA) (2,7). These studies 
showed a significant inverse relationship between skin blood 
perfusion (mea sured by LASCA) and dermal thickness, evalu-
ated by both US and the MRSS at the dorsal surface of the fin-
gers. Dermal thickness (evaluated by both US and MRSS) was 
also significantly correlated with progression of microvascular 
damage, evaluated by nailfold videocapillaroscopy patterns 
(6,7). Last, use of laser techniques such as power Doppler 
US allows evaluation of microvascular damage, which allows 
for the direct evaluation of the macrovascular system and can 
be used to monitor the efficacy of vasodilator treatment in SSc 
(9–11).

In conclusion, although the application of skin US in clinical 
practice is still open to debate, current evidence opens a new line 
of research with the fusion of different imaging methods as poten-
tial biomarkers in SSc regarding skin and vascular involvement. 
These studies sustain the utility of this technique in improving the 
early diagnosis and follow- up of SSc.
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Role of antinuclear antibody determinations in 
classification criteria for systemic lupus erythematosus: 
comment on the article by Leuchten et al

To the Editor:
At present, an international group under the auspices of 

the American College of Rheumatology (ACR) and the European 
League Against Rheumatism (EULAR) is developing new criteria 
for the classification of patients with systemic lupus erythema-
tosus (SLE) that are designed to be more sensitive and specific 
than existing criteria (1). As discussed at the 2017 annual meet-
ing of the ACR, an important feature of these criteria, which are 
based on a scoring system for clinical and laboratory domains, 
is the prominence of positive antinuclear antibodies (ANAs) at a 
titer 1:80 or greater by immunofluorescence assay (IFA) as an 
entry criterion.

The positioning of positive ANAs as an entry criterion is 
based on the belief that commercially available IFA kits using 
HEp- 2 cells perform comparably. Indeed, a systematic review 
by Leuchten et al on the sensitivity of ANAs did not explore the 
contribution of kit variability to antibody detection or the sensi-
tivity and specificity of the kits used in the analysis (2). As shown 
in the literature, however, ANA kits differ significantly in antibody 
detection, which is likely related to technical issues about the 
cell line, fixative, and anti- immunoglobulin reagents used for 
antibody detection (3). Observer differences are also prominent, 
especially with low ANA titers.

A recent study showed significant inconsistencies in the 
results of coded samples from SLE patients by both different 
testing laboratories and, indeed, the same laboratory assaying 
different replicates of the same blood sample (4). Among patients 
with established lupus, the frequency of ANA negativity can vary 
from approximately 5–30% depending on the assay kit (5,6). The 
lack of extensive data on the longitudinal expression of ANA could 
affect the application of classification criteria in which ANA expres-

sion is the entry point, especially without indication of the time 
point in disease for ANA testing or the kit used for any historical 
value. Indeed, an inability to confirm historical ANA positivity has 
already had an impact on clinical trials in which patient classifi-
cation is important (7). In view of these issues, we suggest that 
the performance characteristics of different ANA assays, includ-
ing kit variability, should be evaluated for this particular purpose. 
Although ANA positivity could be useful as an entry criterion for 
classification, we believe that the acceptable kits and conditions 
for assay performance need specification. The alternative is that 
many patients with SLE may be inappropriately excluded from 
consideration for classification.
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Reply

To the Editor:
Thoughtful and eloquent as always, Drs. Pisetsky and Lipsky 

highlight a critical point in the current SLE classification criteria pro-
ject jointly supported by the ACR and EULAR: if ANA positivity is 
to be the entry criterion, the sensitivity of the assay to detect ANA 
and that of ANA positivity for SLE are both important. Indeed, this 
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issue has been a matter constantly discussed by the Classification 
Criteria Steering Committee since the beginning of the project.

Our tenet is not that various ANA assays are comparable, but 
that ANA positivity is optimally positioned as an entry criterion for 
the classification of SLE (1). ANAs are important in our view and 
should be represented in SLE classification criteria. This test is 
much more sensitive than specific (2–4). We suppose that no SLE 
expert would give ANA positivity the same significance as positive 
anti- Sm antibodies in a diagnostic setting. Still, this is exactly what 
we have been doing when using the previous criteria sets (2,3).

ANA positivity should hold as a sensible entry criterion for 
SLE classification criteria if the vast majority of SLE patients are 
ANA- positive. Our review and meta- regression, which triggered 
the present conversation, strongly suggest that they are. Of more 
than 13,000 patients, 95.9% were reported to be ANA- positive; 
at a titer of ≥1:80, the 95% confidence interval stretches from 
96.8% to 98.5%. The early SLE cohort in that project showed an 
even higher rate (99.5%) of ANA- positive SLE patients, with only 
2 patients being ANA- negative (5). The small truly ANA- negative 
subset of SLE patients definitely needs to be on the research 
agenda. Accepting some decline in specificity, however, these 
ANA- negative patients can be defined by provisionally leaving 
out the entry criterion for this subset.

The second question is that of acceptable test systems. 
While certainly not without problems, our centers find indirect 
immunofluorescence on HEp- 2 cells to be a reliable tool. Evi-
dently, some of the other ANA test systems have relevantly lower 
sensitivity and specificity (6,7). Inadequate ANA testing may lead 
to missed diagnoses as well as to costly and unnecessary addi-
tional tests. Indeed, we have been urged to maintain that ANA 
assay quality is important. On the other hand, real life means 
that high- quality ANA assay on HEp-2 cells are not available 
everywhere, and there is significant progress in alternative test 
systems to be acknowledged, as rightly demanded by several 
antibody experts.

Accordingly, the compromise formula agreed on by the steer-
ing committee is as follows: “Antinuclear antibodies (ANA) at a titer 
of ≥1:80 on HEp- 2 cells or an equivalent positive ANA test. Test-
ing by immunofluorescence on HEp- 2 cells or a solid phase ANA 
screening immunoassay with at least equivalent performance is 
recommended.” Also, it is sufficient to have documented positive 
ANAs once in the classification criteria setting, which is different 
from the clinical trial issue addressed by Pisetsky and colleagues 
in their recent article, in which they suggest that ANAs have to be 
positive at a certain point (7). Because sensitivity is the essential 
characteristic of an entry criterion, we hope that this compromise 
will prove viable for the SLE classification criteria.
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Social determinants of mortality in US lupus patients: 
comment on the article by Yelin et al

To the Editor:
We read with interest the recent article by Yelin et al (1), in 

which they report that the principal way that poverty results in 
higher mortality in systemic lupus erythematosus (SLE) patients 
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is by increasing the extent of disease damage accumulation. We 
suggest some alternative mechanisms for the contribution of pov-
erty to higher mortality.

First, cardiovascular disease (CVD) is the leading cause of 
death in patients with lupus, and lupus itself is an independent 
CVD risk factor (2). The risk of CVD- specific death has declined 
and is projected to continue declining due to better control of risk 
factors such as hypertension and diabetes mellitus (3).

Second, according to a recent report of the American College 
of Cardiology/American Heart Association Task Force on Practice 
Guidelines (4), health insurance is a key enabling factor promoting 
CVD risk factor management and in turn reducing the likelihood 
of life- threatening CV conditions (e.g., acute coronary syndrome). 
This suggests that CVD risk factor control via adequate insurance 
coverage in nonelderly, nonpoor patients with lupus may be a 
robust, sustainable means of reducing overall mortality.

Third, in their study, Yelin et al observed SLE patients par-
ticipating in the Lupus Outcomes Study (LOS) in 37 states from 
2009 to 2015, a period overlapping with implementation of the 
Affordable Care Act, which expanded Medicaid eligibility for 
near- poor (family income <138% of the federal poverty level) 
nonelderly adults. The uninsured rate in this cohort dropped 
from 18.2% in 2010 to 10.3% in 2016, and, as of March 2018, 
more than 10 million people have obtained insurance via Med-
icaid expansion in 33 states (5). Among low- income adults 
with chronic conditions living in states in which Medicaid was 
expanded, reduced out- of- pocket spending as well as improved 
continuity of care and medication adherence were demonstrated 
when compared to states in which Medicaid was not expanded 
(6). At the time of enrollment in the LOS, participants had a lower 
uninsured rate (2% versus 18%) and higher education attain-
ment (some college or higher [83% versus 56%]) compared with 
a nationally representative sample population (7,8), and a pov-
erty definition (125% of the federal poverty level) was different 
from that in the Medicaid expansion criteria.

Social determinants such as local welfare spending (e.g., 
Medicare/Medicaid eligibility) or income inequality may contribute 
to mortality in lupus patients, as demonstrated by the National 
Longitudinal Mortality study (9). Nonelderly near- poor adults with 
lupus have particular challenges with regard to having their health 
care needs met, due to the influence of socioeconomic conditions 
as well as health policies. Under the American Health Care Act of 
2017 (H.R. 1628), which will result in the loss of insurance cover-
age for many, the future of these individuals remains uncertain and 
demands further examination.
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Reply

To the Editor:
We very much appreciate the comments of Dr. Khullar and 

colleagues about our article. In their letter, they propose several 
mechanisms to explain why the poor may experience both higher 
levels of disease damage and higher rates of mortality. We will 
comment on each. 1) Higher rates of traditional and SLE-specific 
risk factors for CVD. Cardiovascular involvement is measured by 3 
items in the Brief Index of Lupus Damage, so clearly cardiovascu-
lar involvement can play a role in overall levels of damage accumu-
lation. However, efforts to unravel the impact of traditional versus 
SLE- specific risk factors remain challenging, and we are unable 
to examine these relationships using our current data. Moreover, 
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Applications Invited for Arthritis & Rheumatology Editor-in-Chief 
(2020–2025 Term)

The American College of Rheumatology Committee on Journal 
Publications announces the search for the position of Editor, Arthritis 
& Rheumatology. The offi  cial term of the next Arthritis & Rheumatology
 editorship is July 1, 2020–June 30, 2025; however, some of the du-
ties of the new Editor will begin during a transition period starting 
April 1, 2020. ACR members who are considering applying should 
submit a nonbinding letter of intent by May 1, 2019 to the Manag-
ing Editor, Jane Diamond, at jdiamond@rheumatology.org, and are 
also encouraged to contact the current Editor-in-Chief, Dr. Richard 
Bucala, to discuss details; initial contact should be made via e-mail 
to richard.bucala@yale.edu. Applications will be due by June 21, 
2019 and will be reviewed during the summer of 2019. Applica-
tion materials are available on the ACR web site at https://www.
rheumatology.org/Learning-Center/Publications-Communications/
Journals/A-R.

New Division Name

Rheumatology is truly a people specialty; We often develop 
 lifelong relationships with our patients as well as our colleagues. 
We increasingly recognize that providing the best rheumatologic 
care requires a team eff ort. The collegial nature of our specialty is 
 refl ected in the ACR’s mission statement: To empower rheumatology 
professionals to excel in their specialty.

In keeping with this mission, we are pleased to announce that our 
health professionals’ membership division is changing its name to 
Association of Rheumatology Professionals (ARP). This name change 

highlights the dedication of the ACR to serve the entire rheumatol-
ogy community. It also refl ects our broadened base of interprofes-
sional members (administrators, advanced practice nurses, health 
educators, nurses, occupational therapists, pharmacists, physical 
therapists, physician assistants,  research teams, and more).

The name is new, but our commitment and promise remain the 
same: We are here for you, so you can be there for your patients.

ARP Membership 

The Association of Rheumatology Professionals (ARP), a division of 
the American College of Rheumatology, appreciates your continued 
membership and looks forward to serving you another year. Mem-
bership costs range from $30 to $140. ARP welcomes nurse practi-
tioners, nurses, physician assistants, office staff , researchers, physical 
therapists, occupational therapists, assistants, and students. Student 
membership is complimentary; the Annual Meeting registration fee is 
waived for students who submit the required student verification let-
ter. For information, go to www.rheumatology.org and select “Mem-
bership” or call 404-633-3777 and ask for an ARP staff  member. 

New for 2019: Education for Rheumatology Professionals 

Whether you are new to a rheumatology practice or just need 
a rheumatology refresher, kick off  2019 with high-quality ed-
ucation for the entire interprofessional team. All 19 Advanced 
Rheumatology Course activities have been updated with all-new 
interactive content, including mini-quizzes. You can also register 
for 11 brand new Advanced eBytes, which are complimentary 
to ARP members. For information on pricing, credits hours, and 
registration go to www.rheumatology.org, click the drop down box 
“I AM A” next to the Membership tab and select “Health Profes-
sional Education.”
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